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LOCAL SPECIFIC THERAPY OF EXPERIMENTAL 
PNEUMOCOCCAL MENINGITIS. 


III. Incidental Myelitis, Abscess, and Organization or 

Exudates. 

By FRED XV. STEWART, M.D. 

{From Die. Laboratories of The Rockefeller Institute for Medical Research) 

Plates 1 to 4. 

(Received for publication, October 26, 1927.) 

During the past year our attention has been directed toward the 
study of Type I pneumococcal meningitis in the effort to devise some 
method of therapy which might be hoped to reduce the mortality in 
this disease. The results of these experiments are described in the 
first two papers of this series (1,2). The purpose of the present article 
is to place on record, mainly'’ photomicrographically, certain features in 
the pathology' of experimental Type I meningitis, occurring late in the 
course of the disease in dogs, emphasizing thereby some aspects of the 
experimental infection, which are either rare or else for the most part 
unnoted in its human prototype. 

It early' became apparent that a considerable number of the experi- 
mental dogs developed central cord lesions. These lesions ranged any- 
where from occasional leucocytes in the central canal of the cord, with 
slight leucocytic invasion of the ependyma and slight perivascular 
leucocytic infiltration, up through purulent distension of the central 
canal and adjacent perivascular channels, to, in some instances, wide- 
spread destructive myelitis. Similar conditions in human pneumococ- 
cal meningitis must be very rare, or else unnoted,— rare probably 
because the cases are too rapidly fatal to permit their development, or 
unnoted because cord examinations are infrequent at necropsy unless 
the clinical data question the possibility of special cord pathology. 

Ncrvcrthclcss, Florand and Nicaud (3) report a terminal pneumococcal myelitis, 
accompanied by a localized meningitis in a patient with pneumonia and empyema. 

! 
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It is a noteworthy fact that crisis had occurred with the probable establishment of 
partial immunity 6 days before the nervous manifestations began, this partial 
immunity doubtless accounting for the localized character of the meningitis and 
its duration (25 days). The authors believe the myelitis to have been of vascular 
origin. Marinesco (4) was able to recover the pneumococcus from a case of 
myelitis, but we are left in doubt as to whether or not there was a preceding 
meningitis. Chiari (5) reports a “myelitis suppurativa” complicating bronchi- 
ectasis, but the protocol is more suggestive of multiple cord abscesses, possibly 
embolic in origin; pneumococci were recovered from the lesions. 

Despite the apparent rarity of cord involvement, other than menin- 
geal, in human pneumococcal meningitis, it is quite common in dogs. 
This statement is based upon the gross and microscopic examinations 
of spinal cords from twenty-six dogs; these animals in some instances 
were controls, where no treatment was instituted after infection; 
others died either from accident during treatment, from intercurrent 
distemper, or of the disease, in spite of treatment. Two were rein- 
fected animals that died after prolonged disease induced by reinfecting 
the meninges some weeks after treatment had resulted in a cure of the 
primary infection. 

The incidence and types of cord involvement in the series of animals 
examined are shown in Table I. Thus it is seen that seventeen out of 
twenty-six dogs had purulent material within the central canal of the 
cord; this consisted sometimes of a few polymorphonuclear and endo- 
thelial leucocytes in a mass of precipitated albumin, with occasional 
strands of fibrin; in other instances the central canal was markedly 
distended with pus (Fig. 1), so much so that in the fresh gross specimen 
this pus could be easily expressed by gentle stroking. Paralleling al- 
most, but not quite, the occurrence of pus in the central canal, was a 
varying degree of leucocytic invasion of the ependyma and of the gray 
matter immediately surrounding the canal and less often a perivascular 
infiltration of adjacent vessels; with purulent distension of the canal 
the perivascular involvement was very marked (Figs. 1 and 3). 
These cord lesions were found only once in animals dying previous to 
42 hours after infection. Severe purulent myelitis with extensive 
destruction of the spinal cord occurred in but four animals; one of these 
died at 44 hours; the others succumbed late in the disease. Curiously 
enough, the severe myelitis in all instances spread into the dorsal half 
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of the cord, destroying especially the dorsal cornua and only slightly 
involving the ventral gray matter. Only once did this lesion occur in 
a treated animal; hence the possibility of its arising from cord trauma 
is very remote, since no animals were infected subthecally in the cord 
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•Reinfected animal. 
tMeningcs sterile. 


region. Conditions arc best described by reference to the photo- 
micrographs. 

Figs. 1 and 3 arc from animals untreated after asternal infection. 
The fust was a reinfected dog, whose second infection followed 11 
weeks after treatment had resulted in the cure of the primary infection. 
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This reinfected animal survived 8 days, eventually becomingmoribund, 
at which time it was chloroformed . The second dog was given a weak 
primary infection, remained untreated, and died of the disease on the 
8th day. Both cords microscopically show considerable dilatation 
and are filled with an exudate of polymorphonuclear leucocytes; in one 
the ependyma is invaded by leucocytes, but is otherwise intact; in the 
other the ependymal cells are flattened and partially absent and leuco- 
cytes are invading the cord parenchyma adjacent to the ependyma. 
In both cords the blood vessels near the central canal show well marked 
perivascular accumulations of leucocytes, mainly polymorphonuclears. 
As invasion of the parenchyma continues, the nerve cells undergo 
extensive necrosis and are invaded by polymorphonuclear and endo- 
thelial leucocytes, the latter becoming large and vacuolated, probably 
from the ingestion of fatty materials (Fig. 6) ; the central canal may be 
completely obliterated by the process in some regions. 

Figs. 2, 4, and 5 are from the same cord as Fig. 1 ; here, however, the 
process has resulted in what is essentially an abscess burrowing exten- 
sively throughout the dorsal gray matter, but only slightly involving 
the fiber tracts. In certain cords pneumococci have been demonstra- 
ted in the sections; indeed, in one instance they were numerous in the 
gray matter surrounding the central canal and in the canal itself before 
any significant degree of cellular reaction had manifested itself. 
Briefly summarized, it may be stated that nearly all dogs suffering 
from experimental Type I pneumococcal meningitis and surviving 
beyond the 2nd day of the disease develop some degree of central cord 
involvement. Such central lesions may progress toward frank sup- 
purative myelitis, and thereby provide foci of disease in no wise amen- 
able to treatment. 

Abscesses appear to be uncommon in human pneumococcal menin- 
gitis, although cognizance is, of course, taken of the fact that abscesses, 
for example, of otitic origin, may initiate the process; when we speak 
of abscesses, we refer to those following a primary meningitis. That 
such may occur, however, is apparent from the reports of Ivolmer (6} 
(cerebellar abscess 4 weeks after meningitis was thought to have been 
cured) and Wieder (7) (frontal lobe abscess). In the dog abscesses are 
rare. Fig. 7 shows an abscess of recent origin in the floor of the rvth 
ventricle; the animal was a reinfected dog and was untreated. Small 
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cortical abscesses are occasionally seen; they arise either as direct ex- 
tensions from the meninges via the perivascular sheaths, or in infected 
purpuric hemorrhages; this cortical purpura is a common finding and 
probably, as a rule, has little significance in abscess formation ; for the 
most part it merely results in collections of endothelial leucocytes 
filled vrith blood pigment, the usual reaction to hemorrhage. 

It is of interest to inquire into the ultimate fate of the meningeal 
exudate in an imal s dying late in the course of the disease, to determine 
whether or not there is any tendency toward resolution. In all dogs 
examined, with two exceptions, the process must still be regarded as 
acute; the two exceptions are animals with fatal reinfections. In both 
of these animals there is distinct evidence of organization of exudate; 
this organization is coincident with a change in character of the cellu- 
lar reaction and the appearance of many lymphocytes, plasma cells, 
and phagocytic endothelial leucocytes. The fibrin network thickens 
and shrinks and is invaded by endothelium and fibroblasts (Fig. 9) ; 
this organization by endothelium and fibroblasts parallels in intensity 
the distribution of fibrin. The appearance of many chronic inflam- 
matory' cells in the exudate produces a very* peculiar alteration in 
sections, particularly in the regions of the choroid plexuses, superficial 
penetrating vessels, and occasionally* in the central cord lesions; there 
is little or no increase in the actual number of vessels, but a tremendous 
perivascular thickening well shown in Fig. 8, where every vessel in the 
choroid plexus is surrounded by* a darkly staining zone of chr onic in- 
flammatory cells, outside of which the acute character of the exudate 
is still apparent. 

In these chronic, perivascular, inflammatory zones may be observed 
a decided increase in what Kubie (8) describes as the clasmatocytes of 
the adventitial slicath, which he has found to multiply under condi- 
tions of stimulation, such as, for example, herpetic encephalitis. This 
clasmatocytic stimulation produces marked perivascular thickening; 
in certain vessels the clasmatocyte increase appears to be independent 
of the vascular endothelium, the latter being traceable as a thin, endo- 
thelial lining beneath thickened layers of sheath clasmatocytes; in 
other instances the endothelium seems to take part in the process and 
pictures such as that shown in Fig. 10 result, where no distinction 
appears between the endothelium and perivascular cells, suggesting, 
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therefore, that the swollen endothelial cells may be contributing to 
those of the adventitial sheath. Such supposition gains co nfir mation 
from numerous examples of processes, such as those apparent in Figs. 
13 and 14, the former showing a diaster in the thickened endothelial 
cell, with surrounding perivascular clasmatocytic increase, the latter 
displaying two mitoses, one outside of the endothelium, the other 
apparently splitting off toward the vascular channel. Figs. 11 and 12 
both demonstrate mitoses in perivascular spindle-shaped cells, closely 
applied to the endothelium, but nevertheless distinctly separate. 
Kubie was unable to detect the participation of endothelium in the in- 
crease of adventitial clasmatocytes, but the stimulation was doubtless 
less severe and the process less active in tissues studied by him. 

SUMMARY AND CONCLUSIONS. 

1. In experimental Type I pneumococcal meningitis of dogs central 
cord involvement is common after the 2nd day of the disease. 

2. These central cord lesions may progress toward extensive sup- 
purative myelitis. 

3. Abscesses are infrequent; they arise either as direct perivascular 
extensions of the meningeal disease or at the site of infected purpuric 
lesions. 

4. In prolonged untreated meningitis of reinfected animals, nothing 
resembling the disappearance of exudate following crisis in pneumonia 
occurs. The tendency is toward organization. 

5. Late lesions are characterized by the marked development of a 
perivascular clasmatocytic apparatus, similar to, but more extensive ' 
than that hitherto reported in experimental herpetic encephalitis. 
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EXPLANATION OF PLATES. 

Plate 1. 

Fig. 1. Spinal cord. Distended central canal, destruction of ependyma, 
leucocytic invasion of gray matter in region of commissures. X 110. 

Fig. 2. Acute suppurative myelitis. X 18. 

Fig. 3. Spinal cord. Pus in central canal, invasion of ependyma, marked 
perivascular infiltration. X 130. 

Plate 2. 

Fig. 4. Acute suppurative myelitis. X 18. 

Fig. 5. A higher power view of the same process. X 160. 

Fig. 6. Necrotic anterior hom cells, inflammatory cells, many fatty endo- 
thelial leucocytes. X 320. 

Plate 3. 

Fig. 7. Abscess of medullary floor. X 18. 

Fig. 8. Choroid plexus, showing marked perivascular thickening. X 18. 

Fig. 9. Organization of fibrin in choroid plexus late in the course of a reinfection 
meningitis. X 570. 

Fig. 10. Increase of adventitial clasmatocytes, suggesting a reduplication of 
the endothelium. X 1000. 

Plate 4. 

Fics. 11 to 14. Endothelial and perivascular clasmatocyte proliferation, giving 
rise to the thickened perivascular phagocytic apparatus. X 1000. {a = mitotic 
figures.) 
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CONTRIBUTIONS TO THE PATHOLOGY OF EXPERI- 
MENTAL VIRUS ENCEPHALITIS. 

IV. Recurring Strains or Herpes Vires. 

By SIMON FLEXNER, MB. 

{From the Laboratories of The Rockefeller Institute fdr Medical Research .) 

(Received for publication, September 28, 1927.) 

Anyone wishing to inform himself of the present state of our knowl- 
edge of the subject of virus encephalitis 1 would do well to read the 
two comprehensive reviews of Doerr . 1 While these reviews deal 
chiefly with herpes virus,they touch on the related subject of so called 
encephalitis virus as well. In this way, the etiology of epidemic 
encephalitis is also brought under consideration. While Doerr 
inclines to the view that epidemic encephalitis in man is a form of 
herpes virus infection, yet he presents an impartial because quite 
complete discussion of the many sides of this important topic of 
controversy. 

Our studies, to which those to be recorded in this paper relate, have 
dealt with the encephalogenic and other properties of the herpes virus, 
because Flcxncr and Amoss 3 were led to an investigation of this virus 
through experiments regarding the etiology of epidemic encephalitis. 
The conclusions reached were in conflict with those previously an- 
nounced by Doerr 2 and by Levaditi . 4 The studies on the etiology of 
encephalitis have been continued and the present papers are intended 
to record the results of the more recent experiments. These later 
studies support the view previously put forward, namely that herpes 
virus encephalitis and epidemic encephalitis are definite pathological 
affections, ctiologically distinct. 

* Flcxncr, S., and Amoss, H. L., J. Exp. Med., 1925, xli, 231. 

2 Doerr, R., Zenlr.Hout- u. Gcschlcchtskrar.hk., 192-5, xiii, 417; 1924-25, xv, 1, 
289; 1925, xvi, 4S1; Cenir. Bakl., 1. .45/., Orig., 1925-26, xcvii, suppl., 76. 

5 Flcxncr, S., and Amoss, H. L., J. Exp. Med., 1925, xli, 215, 233, 357. Flcxncr. 
S., J. Am. Med. Assn., 1923, lxxxi, 16S8, 1785. 

4 Levaditi, C., L'hcrpis ct 1c zona, Paris, 1926. 
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severe secondary herpetic cerebral inflammation, and the successive 
inoculations in series indicate that cornea to cornea passages of the 
H.F. II virus lead to moderation, not to intensification, of its patho- 
genic action. 


Brain and Cord Passages. 

In order to compare the mode of action, or virulence, of one strain 
of herpes virus with another, it is desirable to submit the strains 
tested to essentially the same treatment. We have observed that a 
strong, but not a weak, strain of herpes virus when obtained from the 
brain of a succumbing rabbit is more likely to produce fatal encephali- 
tis on corneal inoculation than the same virus derived from mere 
corneal passages. Why this difference should arise, is not known; 
and whether it is merely a quantitative effect, or has to do with a 
qualitative change in the strain, has not been determined. It will be 
recalled that the original H.F. I strain of virus, obtained by subdural 
inoculations of the rabbit, when subsequently instilled into the eyes 
produced keratoconjunctivitis followed by fatal virus encephalitis in 
all of the fifteen rabbits inoculated. 

The H.F. II virus injected subdurally in rabbits regularly induces 
stormy symptoms of virus encephalitis and brings about death in 
from 4 to 6 days. Characteristic histological lesions and inclusion 
bodies are found on microscopic examination of the brain tissue. But 
when the infected brain is used for corneal inoculation, a difference 
appears in that, contrary to the fatal effects of H.F. I virus under 
these circumstances, recovery ensues from the inflammation induced 
by H.F. II virus. 

Brain to Cornea Passage . — Three protocols are given, in order to 
show that while the injection of H.F. II vesicular fluid directly into 
the brain induces fatal virus encephalitis, the brain to cornea passage 
of the virus which induces severe keratoconjunctivitis sets up only 
transient brain symptoms. 

Rabbit I. — Mar. 30, 1926. 0.1 cc. of salt solution suspension of herpes vesicu- 
lar fluid injected intracerebrally. 8 Mar. 31. Temperature 41. 8°C.; urine reten- 


All operations were performed under ether anesthesia. 
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tion. Apr. 1. Temperature 41.4°C.; tremor. Apr. 3. Tremor increased. 
Apr. 4. Salivation; gnashing; convulsions; prostration; death. 

Rabbit II— Apr. 6, 1926. Cocainized right eye scarified with cataract knife 
dipped in salt solution suspension of brain of Rabbit I. Apr. 8. Eye closed, 
purulent, and vesicles along incisions. Apr. 9. I nfl a mm ation severe. Apr. 12. 
Inflammation subsiding; cornea opaque; circling to right. Apr. 14. Eye clear- 
ing; no circling. Recovery' was finally complete. 

Rabbit III.— Apr. 6, 1926. Right eye treated as with Rabbit II. Apr. 8. 
Eye closed; severe keratoconjunctivitis; vesicles along incisions. Apr. 8-14. 
Gradual abatement of inflammation and clearing of the eye. No circling move- 
ments seen. Recovery took place. 

This experiment may be taken as indicating a difference in quality 
in two herpes virus strains derived from a supposed virus carrier, that 
is, a subject of recurrent labial herpes, taken at an interval of 4 years. 
The next experiment, in which indirect brain, spinal cord, and corneal 
passages were made, brings out the same general fact, although it 
shows that the H.F. II virus is capable at times, in passing from the 
cornea to the brain in sufficient concentration, to set up fatal virus 
encephalitis. 

Brain to Brain to Cornea Passages . — Although the direct passage of 
the H.F. II virus from brain to cornea failed to produce keratocon- 
junctivitis followed by encephalitis and death, yet if the virus is 
passed successively through the brain, it is capable of setting up fatal 
encephalitis upon corneal inoculation. For example, after the fourth 
cerebral passage, in which death occurred respectively on the 4th, 6th, 
4th, and 4th days, the symptoms having in all instances been char- 
acteristic of virus encephalitis, a rabbit was inoculated into the co- 
cainized right eye, the cornea of which had been scarified. The pro- 
tocol of the test follows. 

Rabbit . — May 5, 1926. Eye inoculation with brain virus H.F. H, 4 th brain 
passage, carried on cataract knife used for scarification of cornea. May 7. Eye 
dosed; suppuration; vesidcs along incisions. May 9. Circling to right side. 
May 12. Temperature 41.9’C.; drding; hypersensitive; retention of urine. 
May 13. Cirding; falls to right side; gnashing; salivation. Mav 14. Convul- 
sions; death. 

Indirect brain , Cord, and Corneal Passage . — The protocols which 
follow relate to skin to spinal cord, cord and brain to cornea, and 
cornea to cornea passages. 
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Rabbit 7.— Apr. 13, 1926. Right side of animal shaved and three scratches 
penetrating into cutis made; a 30 per cent suspension of fresh brain of rabbit of 
2nd brain passage rubbed into scratches. Apr. 16. Local inflammation and 
vesicle formation. Apr. 19. Temperature 40.6°C.; animal moves about slowly. 
Apr. 21. Paralysis of hind extremities and back; retention of urine. Apr. 22. 
Fore legs paretic; other symptoms persist. The moribund animal etherized and 
the pons and lumbar spinal cord employed separately for corneal inoculations. 

Rabbit II. — Apr. 22, 1926. Usual corneal inoculation with suspension of pons 
of preceding animal. Apr. 24. Slight inflammation; no suppuration. Apr. 26. 
Vesicles along incisions; slight suppuration. Scrapings taken for corneal inocula- 
tion of Rabbit IV. Apr. 27. Eye closed; purulent secretion; more pronounced 
vesiculation. May 1. Tremor. May 2. Temperature 41.2°C.; tremor; con- 
vulsions; urine retention. Death occurred on this date. 

Rabbit III. — Apr. 22, 1926. Usual corneal inoculation of right eye with sus- 
pension of lumbar spinal cord of Rabbit I. Apr. 25. Eye closed; suppura- 
tion; vesicle formation. Apr. 27. Circles to right. May 1. Tremor; retention 
of urine. May 2. Temperature 40.8°C.; convulsions followed by prostration. 
Death on this date. 

Rabbit IV.- — Apr. 26, 1926. Right corneal inoculation with scrapings taken 
from cornea of Rabbit IT. Apr. 28. Eye closed; suppuration; vesicle formation. 
May 1. Circles to right. May 3. Temperature 41.2°C.; tremor; retention of 
urine. May 5. Convulsions; prostration; death. 

With the results of the foregoing experiments before us, we are 
prepared to place the H.F. II virus among the strains of herpes virus 
which are dermatotropic, rather than neurotropic in property. This 
strain of virus is of medium pathogenicity. It tends to produce local 
inflammation of the cornea and conjunctive, and to invade the brain 
to a slight degree only; and yet, when implanted on the scarified skin 
and especially when passed successively through the brain, it acquires 
neurotropic properties of such invasive power as to suffice to induce 
fatal encephalitis on corneal implantation. Skin inoculation of the 
virus gives rise to myelitis, with diffusion of the virus throughout the 
central nervous organs. Although the test is not conclusive on the 
point, yet the concentration of the virus in the lumbar cord appeared 
to be greater than in the pons under these circumstances. 

A comparison of the activities of H.F. I virus obtained in 1922 with 
H.F. II virus secured in 1926 from a subject of recurrent labial herpes 
shows quite conclusively that the pathogenic activity as measured in 
the rabbit differs. H.F. I virus is predominantly neuro tropic, while 
H.F. II virus is predominantly dermatotropic. Perhaps the isola- 
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tion and study of a third strain of the virus may throw light on the 
nature of the variation. 


XI. 

In addition to the tests carried out with the H.F. II strain of herpes 
virus, two other specimens of virus from subjects of recurrent herpes 
were studied. One, called T. strain, was derived from a labial veside 
of a female adult suffering from common cold, and the other, called 
F. strain, from a child of 4 years who passed at intervals of a few 
months through attacks of slight fever attended by obscure, nervous 
disturbances slight in degree, and labial herpes. As will appear, the 
T. and F. viruses stand at extreme scales of pathogenic action, the 
former being highly and the latter hardly at all neurotropic for the 
rabbit. 

Corneal Passages, T. Strain. 

Three passages from cornea to cornea were carried out with the T. 
strain, as shown in the following protocols. The course of the patho- 
logical process was essentially the same in all, consisting of severe 
keratoconjunctivitis, encephalitis, and death. 

Rabbit J. — Sept. 30, 1926. Right eye cocainized and cornea scarified with 
cataract knife dipped in salt solution containing small quantity of clear exudate of 
lip herpes vesicle, about 12 hours old. Oct. 2. Inflammation; watery' exudate; 
vesicles along incisions. Oct. 4. Eye closed; purulent exudate. Material taken 
for inoculation into Rabbit H. Oct. 5-7. Inflammation of eye increased; animal 
refuses food. Death. 

Rabbi! 1 1 . — Oct. 4, 1926. Usual method of inoculation of right eye after scarifi- 
cation of cocainized cornea with exudate taken on 4tb day from Rabbit I. Oct. 6. 
Eye closed; purulent exudate; vesicle formation. Oct. 8. Temperature 40.6° C.; 
circles to right. Oct, 9. Circling increased; twists body and falls to right side; 
gnashing. Oct. 10. Temperature 41.3°C.; convulsions; falls. Oct. 11. Pros- 
tration and death. 

Rabbit III. Oct. 11, 1926. Usual method of inoculation of right eye after 
scarification of cocainized cornea with exudate from eye of Rabbit II. Oct. 15. 
Temperature 40'C.; cvc closed; purulent exudate. Oct. 17. Temperature 
41.2°C.; tremor and rapid circling to right side. Oct. 19. Temperature 41.4°C.; 
hypersensitive, rapid respiration; retention of urine. Oct. 20. Svmptoms con- 
tinue; falls to right and recovers feet with difficulty. Oct. 21. Profuse saliva- 
tion; convulsions; death. 
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Brain to Cornea Passages, T. Strain. 

A parallel series of inoculations to the former was carried out with 
the T. virus, in which the original, diluted vesicular contents were 
inoculated intracerebrally into Rabbit I, and the brain virus thus 
secured was used to inoculate the cornea of Rabbit II. Rabbit I 
developed virus encephalitis and succumbed on the 9th day; Rabbit 
II first developed keratoconjunctivitis, then showed signs of encephali- 
tis on the 6th day, and succumbed to the latter on the 9th day. A 
third rabbit was inoculated in the cocainized, scarified eye from the 
brain virus of Rabbit II of the cornea to cornea series. The succession 
of events was typical: gradual development of keratoconjunctivitis, 
involvement of the brain, with symptoms of tremor, circling, falling, 
salivation, and death on the 12th day. 

The strain of F. virus was studied in detail, as will appear from the 
summary of experiments to follow, in the course of winch a certain 
number of disputed points were dealt with and perhaps elucidated. 

Cornea to Cornea Passages, F. Strain. 

A salt solution suspension of the contents of the labial herpetic 
vesicle was inoculated by the usual method, that is, by dipping the 
cataract knife into the suspension and then scarifying the cocainized 
right cornea of two rabbits with it. Keratoconjunctivitis devel- 
oped promptly in both animals, and ran the usual course attended 
by recovery. No symptoms of brain involvement appeared; the 
highest temperature recorded was 40.7°C., winch was readied in both 
animals. 

At the height of the local inflammation (3rd day), exudate was 
used to inoculate the next two rabbits, constituting the second passage 
of the series. The events resembled those of the first passage, except 
that in both animals circling to the right appeared on the 3rd and 4th 
days respectively. About the 9th day after inoculation the circling 
abated or ceased, after which recovery was uninterrupted. 

In all, ten cornea to cornea passages were made. In no instance 
was a fatal virus encephalitis induced, and in no case did other signs 
of brain involvement than that of circling appear. When both eyes 
were inoculated no circling took place, although the inflammation 
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produced was typical and severe. Temperatures as high as 41.1 C. 
arose independently of cerebral symptoms. In the later passages, 
seventh to tenth, the local reaction was less severe, the temperature 
lower, and recovery more rapid. Although one eye only was inocu- 
lated, no circling occurred. 

The conclusions we have drawn from this series of inoculations are: 

1. The typical herpes virus keratoconjunctivitis in the rabbit may 
be attended by fever. 

2. Circling to the inoculated side may appear without any other 
signs of cerebral invasion of the virus. 

3. Circling does not appear when the two eyes are inoculated. 

4. The virus diminishes in activity in successive corneal passages, 
as indicated by feebler inflammatory reaction, shorter duration of 
the inflammation, and absence of circling movements. 

Brain and Spinal Cord lo Cornea. 

The F. virus, as stated, is a weak strain. Tests were carried out 
in order to determine whether intracerebral injections induced virus 
encephalitis. It was found as a rule that fatal encephalitis ensued 
when eye exudate or brain virus was thus injected, but that recovery 
might occur after intracerebral inoculation. 

Rabbit. — Mar. 15, 1926. Animal received intracerebral inoculation of fresh 
rabbit brain virus. Mar. 19. Temperature 41.1°C.; tremor; retention of urine. 
These symptoms persisted for 3 days, then abated, and recovery followed. 

Experiments were also made in order to determine whether the F. 
brain varus introduced into the cornea induced both keratoconjuncti- 
vitis and frank encephalitis. As a matter of fact, the inflammation 
of the eye induced is severe, while the effect on the brain is mild 
only, and if permitted, recedes leaving the rabbit to all intents and 
purposes normal. And yet if the affected rabbit is killed at the 
right moment, the virus is detectable by inoculation in the brain 
tissue. 

Rabbits . Two rabbits, A and B, were given eye inoculations with the fresh 
F. rabbit brain virus on Sept. 8, 1927. In both, severe keratoconjunctivitis 
followed. Rabbit A showed fever (40.6=0.) and the head turned to the inoculated 
(right) side on Sept. 13. On Sept. IS, circling was noted. Killed on this date 
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and two rabbits, C and D, were given intracerebral injections of suspension made 
from the pons. 

Rabbit B developed similar symptoms to Rabbit A and was permitted to recover. 

Rabbits C and D were given cerebral inoculations with the pons of Rabbit A on 
Sept. 16. Typical virus encephalitis with characteristic symptoms arose on the 
5th and 6th days, and death resulted in both instances on the 9th day. 

Since the F. virus is a weak strain, the preceding experiment does 
not always succeed. In one example, two rabbits were given eye 
inoculations with material taken from an eye on the 4th day of the 
keratoconjunctivitis. Severe inflammation attended with circling 
developed. On the 6th da)' of the circling, one of the rabbits was 
killed and the brain used to make a corneal inoculation in one animal, 
and cerebral inoculation in two animals. No effects followed. At 
this later period in the encephalitic process, the virus was no longer 
demonstrable by the inoculation test. 

The conclusion to be drawn from these tests is that the F. virus is 
only weakly neurotropic, and while capable of penetrating to the 
brain of rabbits, tends to be suppressed there. In this respect, the 
rabbit treats a weak virus in a manner resembling the way in which 
the guinea pig also deals with a weak virus. 9 When the quantity of 
a weak strain reaching the brain of the rabbit is not excessive, it can 
be destroyed; and yet, this same weak strain when injected in quantity, 
is capable of producing fatal encephalitis. As is to be expected, a 
stronger virus, such as the H.F. II strain, is even more readily de- 
tected in the pons after eye infection. 

Skin to Spinal Cord. 

Although the F. virus does not pass from the cornea to the brain in 
sufficient concentration to produce fatal virus encephalitis, yet it is 
capable of passing from the skin to the spinal cord in a way to induce 
paralysis and probably death. 

Rabbit. — Mar. 9, 1926. Right side of body shaved, scratched, and covered 
with 30 per cent suspension of rabbit brain virus taken 5th day after inoculation. 
Mar. 12. Mild dermatitis. Mar. 15. Dermatitis and formation of vesicles. 
Temperature 40.9°C. Mar. 17. Curvature of spine; hind legs paralyzed; reten- 


9 Rose, G., and Walthard, B., Z. Hyg. u. Infedionsirankh., 1925-26, cv, 645. 
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tion of urine. Mar. 18. Temperature 40.8°C.; moves fore legs; almost prostrate; 
etherized. 

Rabbit. — Mar. 10, 1926. Right side of body shaved, scratched, and covered 
with rabbit brain virus of 6th day. Mar. 13. Dermatitis and vesiculation. Mar. 
17-18. Dermatitis subsiding; temperature 40.8°C.; spinal curvature; hind legs 
weak. Mar. 19-20. Paralysis of back and hind legs complete; tremor; etherized. 

Rabbit. — Apr. 8, 1926. Right side of body shaved, scarified, and covered with 
rabbit brain virus of 7th day. Apr. 11. Dermatitis and vesiculation. Apr. 13. 
Inflammation subsiding. Apr. 14-15. Temperature 41.3°C.; back muscles 
and hind legs weak. Apr. 16-21. Complete paralysis of posterior half of body; 
tremor; etherized. 


Immunity. 

The experiments with H.F. II virus yielded a number of rabbits in 
which recovery took place from the corneal inflammation. The ani- 
mals were subjected to immunity tests in a twofold manner, namely 
by way of corneal and of intracerebral inoculation. It developed that 
while the previously uninoculated cornea proved to be but partially 
protected from infection and inflammation, the brain test showed 
complete immunity of that more sensitive organ, a result in conformity 
with observations made by Rose and Walthard. 9 The protocols 
will be given in pairs, in order to bring out this interesting fact. The 
brief interval elapsing between the two protection tests is, according 
to usual measures, insufficient to produce general immunity. As the 
reinoculations in each set were made on the same day, single control 
rabbits sufficed for each. Thus it can be stated in advance that the 
control for the corneal tests developed severe keratoconjunctivitis 
followed by symptoms of severe virus encephalitis, while the control 
for the intracerebral tests succumbed to typical virus encephalitis on 
the 6th day. 

Test I. Rabbit. The corneal test was made 3 months after the first corneal 
inoculation, and the brain test 12 days after the corneal test. July 19, 1926. 
Left cocainized, scarified cornea inoculated with 5 per cent suspension of fresh 
rabbit brain virus. July 22. Eye dosed; purulent exudate; small vesicles. 
July 26, The inflammation gradually subsided. No symptoms of brain involve- 
ment. July 29. Eye dear. July 31. Injected intracercbrally 0.1 cc. 5 per 
cent suspension of fresh rabbit brain virus. No symptoms of any kind followed. 

Test II. Ralbst . — In this instance the interval between the two comeal inocu- 
lations was 21 months. July 19, 1926. Left, cocainized, scarified cornea inocu- 
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lated. July 22. Purulent inflammation and vesicle formation. July 23-27. 
Eye closed; purulent exudate; then gradual clearing. July 31. Eye clear. In- 
jected intracerebrally with 0.1 cc. of S per cent suspension of fresh brain virus. 
No symptoms of any kind followed. 

Test III. Rabbit . — The interval between the first and second corneal inocula- 
tions was about 10 weeks, July 19, 1926. Inoculated left, cocainized, scarified 
cornea. July 22. Eye closed; purulent exudate; vesicles formed. July 28. 
Eye open and clear. July 31. Intracerebral inoculation of 0.1 cc. 5 per cent 
suspension of fresh brain virus. No symptoms. 

In order to complete the account, it remains to mention the simul- 
taneous tests by intracerebral inoculation of two rabbits which had 
received corneal inoculations 3| to 4| months earlier respectively. 
The 3§ month animal succumbed to virus encephalitis; the other 
remained free of symptoms. 

Besides the H.F. II animals tested for immunity, five rabbits which 
had been given corneal inoculations of the F. virus 5 or 6 months before 
were, along with a control, reinoculated in the left (unused) eye. 
The point of interest is that while all six rabbits developed kerato- 
conjunctivitis from which they recovered, only the control animal 
showed the circling symptom. 

SUMMARY. 

In this paper, three strains of the herpes virus have been dealt with. 
The H.F. II strain was obtained from the subject H.F. 4 years after 
the H.F. I strain was secured. H.F. is a victim of recurrent herpes. 
If the subject is also a chronic carrier of the herpes virus, then it is 
not one, but two or more strains which are persistently carried. The 
H.F. II strain is of mitigated pathogenic action for the rabbit, as com- 
pared with the H.F. I strain ; it is to be classed as dermatotropic rather 
than neurotropic. And yet, in the subject there was no indication 
that the attack of herpes provoked was different from the other 
attacks associated with the H.F. I virus. 

The other two herpes strains derive their interest from the fact 
that they came also from persons who suffer from repeated attacks of 
labial herpes. One strain proved highly neurotropic, resembling in 
this respect the H.F. I strain; the other was hardly neurotropic at 
all, but was none the less definitely dermatotropic. It may be possible 
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at a later date to secure other samples of virus from these individuals 
for comparison. The dermatotropic F. strain penetrates to the 
central nervous system far more readily and certainly from the skin 
than from corneal surfaces. 

The recovered inoculated rabbits shoved only relative protection 
to reinoculation of the herpes virus. A notable difference appeared 
in the degree of protection acquired, on the one hand by the cornea 
and on the other by the brain. While the one was partial, the other 
was complete. The complete resistance of the brain was shown (a) 
by the complete failure of the intracerebral inoculation, and ( b ) by 
the absence of circling movements following corneal inoculation. 

CONCLUSIONS. 

Subjects of recurrent labial herpes may yield more than one strain 
of the herpes virus. 

While the H.F. I strain is notably neurotropic, the H.F. II strain, 
obtained 4 years later, is slightly neurotropic and strongly dermato- 
tropic for rabbits. 

The neurotropic property of the H.F. II virus is somewhat increased 
by brain passage. 

Dermal inoculation of the H.F. Ft strain leads to myelitis, with 
extension of the virus to the brain. The concentration of the virus 
in the lumbar cord seems greater than in the pons. 

The T. specimen of the herpes virus is apparently of maximal 
neurotropic potency for rabbits. 

The F . specimen of the herpes virus is of low neurotropic and moder- 
ate dermatotropic activity. Passage from eye to eye tends to dimin- 
ish the effect of the virus. When the F. strain is inoculated into 
one eye, circling occurs; when into both eyes, circling does not occur. 
None of the comcally inoculated F. rabbits succumbed to virus en- 
cephalitis. And yet, the F. virus exists in the brain of the comcally 
inoculated rabbits and can be detected there, by cerebral inoculation, 
on the 1st or 2nd day, but not on the Oth day of the circling. When 
the F. virus docs not reach the brain in excessive amounts, it is sup- 
pressed there; when injected in large quantity, it induces fatal en- 
cephalitis. 
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The rabbit brain possesses the power of destroying weak strains of 
the herpes virus in a manner not dissimilar to that possessed by the 
guinea pig brain. 

Immunity tests showed that in rabbits previously inoculated into 
the cornea, the opposite cornea is only partially, while the brain is 
wholly, protected against reinoculation effects. The partially pro- 
tected rabbits developed on corneal reinoculation local lesions, but 
unlike the control animal, did not show circling movements. 



CONTRIBUTIONS TO THE PATHOLOGY OF EXPERIMEN- 
TAL VIRUS ENCEPHALITIS. 

V. Herpes Virus Encephalitis in the Guinea Pig. 

By SIMON FLEXNER, M.D. 

{From the Laboratories oj The Rockefeller Institute for Medical Research.) 

(Received for publication, September 28, 1927.) 

The attempt has been made a number of times to ally epidemic 
encephalitis in man and herpes virus encephalitis in the rabbit. Ever 
since Doerr and Vochting’s 1 important observation that rabbits in- 
oculated intraocularly sometimes develop fatal herpes virus encepha- 
litis, this point of view has been in the background. Within a year or 
two, the view has come more into the foreground of the investigative 
studies. In two sets of investigations especially, namely those of 
Levaditi and his coworkers 2 and Doerr and his associates , 3 it has been 
sought to uphold this view-point. Flexner and Amoss have dealt 
with Levaditi’s contention in another place . 4 * It is proposed in the 
present paper to deal with Doerr’s recently published views based on 
the tests with guinea pigs carried out and described by Rose and 
Walthard . 6 

As is well known, nothing is easier than to implant the virus con- 
tained in herpes vesicles on the rabbit, and to cany the virus in in- 
definite passages from rabbit to rabbit. 

On the other hand, it has proven extremely difficult to implant such 
a virus on rabbits with material taken from cases of epidemic en- 
cephalitis in man. The several hundred or more transfers of these 

1 Doerr, R., and Auditing, K., Rev. gdi. oph!., 1920, xxxiv, 409. 

2 Levaditi, C., and Nicolau, S., Comp!, rend. See. hie!., 1924, xc, 1372. Levaditi, 
C., Nicolau, S., and Poincloux, I'., Comp:, rend. Soc. bid., 1924, xc, 1376. Doerr, 
R., Cen'.r. Fall.. 1. AH., Orig., 1925-20, xcvii, supp]., 76. 

3 Doerr, U.. Cenlr. Bah., 1. Ah.. Orig., 1925-26, xcvii, suppl., 76. 

4 Flexner, and Amop, II. L.. J. Exp. Med.. 1925. xli, 215. 

‘Ko^c, G., and Walthard, I!., Z. Hyg. u. Infeeliottshankh., 1925-26, cv, 6-15. 
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materials from man to rabbit have yielded, as Flexner 6 has pointed 
out and Doerr 3 concedes, six successful inoculations at most. The 
percentage of successes is almost minimal. The matter at issue is the 
explanation of the disparity, the burden of proof being of course placed 
upon those investigators who would identify the herpes virus with the 
supposedly microbic incitant of epidemic encephalitis. 

An explanation is called for all the more emphatically because herpes 
eruptions carrying virus are so common and ubiquitous an affection 
of man. The eruptions occur under the most varied circumstances — 
as attendants of severe disease and as accompaniments of trivial ail- 
ments. To ascribe, therefore, to this almost uniformly and univer- 
sally present — nearly innocent — pathological material the sinister 
role of the inciting microbic agent of epidemic encephalitis is a posi- 
tion not to be lightly assumed or accepted. It does seem rather be- 
side the point to cite, as Doerr 3 has done, as accounting for the irregu- 
larity of the infection of rabbits with inocula from cases of epidemic 
encephalitis, the instance of typhus fever, in which only one-half of 
the inoculations are successful; or, as has even more recently been 
urged, the fact that diphtheria bacilli may be carried by persons who 
have not had and do not acquire diphtheria . 3 The evidences for the 
existence of a virus of typhus fever are not of this hypothetical order, 
and those for the specific pathogenic effects of the diphtheria bacillus 
rest upon a pyramid of knowledge with which the fragile structure of 
the herpes virus etiology of epidemic encephalitis cannot property be 
compared. 

The foregoing statement is important only because the undertaking 
to support the thesis of the herpes virus origin of epidemic encephalitis 
has recently taken a new turn. It has long been known that while 
rabbits are highly subject to herpes virus infection, other rodents are 
far less susceptible to its inoculation. And yet rats, mice, and guinea 
pigs can be infected, although they often survive even subdural in- 
jection of the virus. Recently the guinea pig has been submitted to 
renewed study under circumstances which have yielded results of a 
kind to inspire the investigator with new ardor in pursuing the hypo- 
thetical relationship between the supposed virus of epidemic en- 
cephalitis and the virus of febrile herpes. 

0 Flexner, S., J. Am. Med. Assn., 1923, Ixxxi, 168S, 1785. Flexner, S., and 
Amoss, H. L., J. Exp. Med., 1925, xli, 215. 
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As so often happens, two papers dealing with the subject appeared so near 
together that they may be regarded as having had an almost simultaneous origin. 
The first was published by Dmitrieff , 7 who states that he chanced on the observa- 
tion that a strain of herpes virus when introduced into the brain of the guinea pig 
is quickly reduced in virulence. A study of his protocols shows that even in the 
first guinea pig transfer this reduction, amounting virtually to destruction, took 
place. The source of the virus was a brain taken from a rabbit which succumbed 
to intracerebral inoculation in 3 to 6 days. The rabbit brain material produced 
encephalitis in young guinea pigs, ending fatally on the 10th or 11th day. When 
the brains from these guinea pigs were reinoculated into rabbits or other guinea 
pigs, no obvious effect was produced. When the original rabbit brain virus was 
injected subdurally into older guinea pigs, either mild symptoms followed by re- 
covery ensued, or no symptoms whatever arose. In one recorded instance the 
rabbit virus induced keratoconjunctivitis in a guinea pig, and material from the 
inflamed eye produced, on intracerebral injection, fatal encephalitis in the rabbit. 

Although the experiments were few in number, the deductions 
drawn are far reaching. From the fact that the strain of herpes virus 
employed was immediately suppressed in the brain of the guinea pig, 
it is concluded that similar happenings take place in human cases of 
epidemic encephalitis. In this simple way does Dmitrieff dispose of 
the innumerable failures to infect rabbits with material taken from 
cases of epidemic encephalitis. To account for the herpes virus 
origin of the latter disease, he adopts what is essentially Levaditi’s 5 
view of special predisposing conditions of the nervous organs coinciding 
with particularly neurotropic strains of the virus, and he finds in epi- 
demic influenza a possible source of the predisposing agent. 

Rose and Walthard’s study covered a wider field. So far as their 
paper is concerned, we need take into account only those parts which 
bear on our theme, namely the extent to which the reaction of the 
central nervous system of the guinea pig to the presence of herpes 
virus may be used as a guide and measure of what goes on in human 
cases of epidemic encephalitis. The experiments of Rose and Wal- 
thard have also, as will appear, a somewhat wider significance, since 
their inadequacy can be easily traced to the use for the tests of strains 
of herpes virus not of high but only of moderate virulence. The more 
deeply the problem of herpes virus is probed, the more clearly is it 
discerned that original virulence is not only a highly variable quantity, 

1 Dmitrieff, S , 7. //;,£. u. Infeclicnstrar.tk., 1926, evi, 547. 
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but also that strains are to be selected according to this original grade 
of virulence for the rabbit, and as suitable for the particular experi- 
mental tests which it is proposed to carry out. Had Dmitrieff and 
Rose and Walthard employed highly virulent strains, their results 
and conclusions could not but have been very different. 

Rose and Walthard sum up their experiments in the following words: 

Rabbits inoculated subdurally with the guinea pig brain may succumb to typical 
encephalitis. Corneal and pad inoculations give poor results. In many instances, how- 
ever, the subdural inoculations fail. The similarity, therefore, to what happens in von 
Economo’s encephalitis is very close. Should this observation be confirmed, we shall 
have before us a model, supplied by the use of the guinea pig for inoculation, with which 
to explain what happens with autopsy material taken from human cases of encephalitis, 
in which the herpes virus is so rarely demonstrable. While of course this model does not 
suffice to establish the herpes virus etiology of von Economo’s encephalitis, yet the ob- 
servation does remove one of the most important objections to the assumption of this 
etiological relationship. 

This point of view is upheld by Doerr, 3 in whose laboratory the experiments 
were made, and by Rose and Walthard. It is, however, based not on many and 
varied, but only upon a few experiments, of which the following is an instance. 

A guinea pig was given a pad inoculation of rabbit brain herpes virus. On the 
5th day, paralysis of the extremities appeared, and on the 6th day the animal was 
killed. The lumbar spinal cord was inoculated into two guinea pigs: in one into 
the brain and pad, and in the other into the pad and cornea. A control rabbit 
received a subdural and corneal inoculation. The control developed kerato- 
conjunctivitis and encephalitis, and succumbed on the 5th day. 

Now, the guinea pig receiving pad and corneal inoculations responded with both 
keratoconjunctivitis and paralysis of the hind quarters, from both of which symp- 
toms it recovered. The guinea pig receiving subdural and pad inoculations, re- 
sponded with paralysis of the hind quarters without showing, however, any signs 
of encephalitis. 

The result is interpreted as showing the extraordinary defense to and capacity 
for localizing the herpes virus possessed by the central nervous tissues of the 
guinea pig. A strain of herpes virus capable of passing into and injuring the 
spinal cord, from a skin surface (so called spontaneous neurotropy), 8 is incapable 
of attacking the brain on direct injection. Doerr’s comment on the experiments 
is to the effect that many strains of herpes virus are active when inoculated into 
the skin and cornea, and ineffective when introduced into the brain of guinea pigs. 
He remarks that this extraordinary variability of the virus is a factor to be reck- 
oned with in considering the etiology of von Economo’s encephalitis. In an adden- 
dum to his paper, Dmitrieff cites the experiments of Rose and Walthard as up- 
holding his contentions. 


8 Rose, G., Ccntr. Bait., 1. Abt., Orig., 1925-26, xcvii, suppl., 146. 
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This point of view, that the guinea pig occupies an independent and strategic 
position in respect to the extraordinary resistance to infection displayed by the 
brain tissue, is presented by Rose and \\ althard from another point of view, 
namely that of the effects of corneal inoculations in producing symptoms of brain 
involvement. It will be recalled that Doerr and Vochting 1 first produced herpes 
-virus keratoconjunctivitis in guinea pigs. Because of the smaller size of the 
eye, the inflammation is less impressive in guinea pigs. Rose and Walthard are 
correct in stating that the pronounced opacity of the cornea is a regular symptom 
of the keratitis in guinea pigs, and only an occasional symptom in rabbits. They 
state also that they never observed general symptoms (encephalitis) to follow 
comeal inoculation, although the same strain of virus injected into the pad pro- 
duces myelitis. They record a single exception to the rule, in which a guinea pig 
with double comeal inoculation showed salivation for 2 days and later completely 
recovered from these general effects, as well as from the eye lesions. 

The experimental results described by Dmitrieff and by Rose and 
Walthard are in themselves of interest. The extent of their impor- 
tance depends, however, upon their general applicability. Unless 
indeed they are generally applicable, it may be questioned whether 
their bearing on the disputed question of the etiology of epidemic 
encephalitis, so called von Economo’s encephalitis, is as significant as 
they suppose. We already know that the highly susceptible rabbit 
suffices to distinguish differences among strains of herpes virus.’ 
May not the less susceptible guinea pig merely act to separate the 
strains more sharply, by totally suppressing the weak, partly sup- 
pressing the medium, and not suppressing at all the strong strains? 
The experiments which follow would seem to support this interpreta- 
tion of the reaction of guinea pigs to intracerebral and corneal inocula- 
tions of strains of herpes virus. 

The experiments to be described have been alluded to in an earlier 
publication . 10 Moreover, in that publication a protocol is given which 
shows that a strong virus, implanted on the cornea of the guinea pig, 
may ascend to the brain and produce fatal encephalitis. 


EXPERIMENTAL. 

We possess in the H.F. I and Bccklcy specimens two highly virulent 
strains of herpes virus. Thus far, these strains have been studied 

5 Hcrncr, S., and Aroo-s, H. L., /. Exp. Med., 1925, xli, 233. 

,r newer, S ,,J. Gnz. Physic!., 1925-27, viii, 713. 
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chiefly in rabbits. Yet as early as 1922, a number of inoculations into 
guinea pigs were made, and it was found that brain to brain passages 
took place. Since this is the class of experiment which was carried 
out more systematically later only sample protocols of the earlier tests 
will be given here. 

Guinea Pigs. — Nov. 20, 1922. Two, 250 gm. guinea pigs, numbered 1 and 2, 
were inoculated intracerebrally 11 with fresh rabbit brain virus, H.F. I. Guinea Pig 
1 showed no striking symptoms, and died on Nov. 26 (brain transferred to Guinea 
Pigs 3 and 4). Guinea Pig 2 was slow and tremulous on Nov. 27; salivating and 
convulsive on Nov. 28, on which date death occurred (brain injected into Guinea 
Pigs 5 and 6). 

Nov. 28, 1922. Two, 300 gm. guinea pigs, numbered 3 and 4, received intra- 
cerebral injection of brain from Guinea Pig 1. Dec. 1. Guinea Pigs 3 and 4 
salivating. Dec. 2. Both guinea pigs convulsive; died on this date. 

Nov. 28, 1922. Two guinea pigs, numbered 5 and 6, inoculated intracerebrally 
with brain from Guinea Pig 2. Dec. 4. Guinea Pig 5 circles to left (side of in- 
oculation) and is tremulous. Guinea Pig 5 died on Dec. 5. Guinea Pig 6 died 
without showing symptoms. 

. Further passages were not made. The histology was characteristic of virus 
encephalitis. 

Jan. 23, 1923. Two guinea pigs, 300 gm. each, numbered 9 and 10, received 
intracerebral injections of fresh rabbit brain, Becldey strain. Guinea Pig 9, 
Jan. 28, tremulous, ataxic, gnashing. Jan. 29. Salivation. Jan. 30. Death. 
Guinea Pig 10 circled on Jan. 27 to side of inoculation and died on Jan. 28. 

No further passages were made at this time. 

Although this series of tests is small and incomplete, it nevertheless 
brings out two facts: first, that an active virus produces fatal enceph- 
alitis in the guinea pig, attended sometimes by symptoms similar to 
those of the rabbit, and sometimes progressing asymptomatically; 
and second, that passage of the virus from guinea pig to guinea pig by 
cerebral inoculation is possible. Note should be given to the demon- 
stration that the brain of an inoculated guinea pig which succumbs 
without showing symptoms produces on cerebral inoculation of other 
guinea pigs, encephalitis accompanied by typical symptoms. 

Serial Passage of H.F. I Virus. 

The repetition of the guinea pig inoculations of the H.F. I virus, 
undertaken after the papers of Dmitrieff and Rose and Walthard 

11 All operations were performed under ether anesthesia. 
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appeared, covered a larger number of passages, both by the cerebral 
and by the corneal routes. 

Cerebral Inoculations. 

Guinea Pigs.— 1st passage. Oct. 25, 1926. Two guinea pigs, A and B, 300 gm. 
each, inoculated intracerebrally with fresh rabbit brain -virus H.F. I. Guinea 
Pig A developed fever (41.1°C.), tremor, salivation, and weakness of legs; died 
Nov. 1. Guinea Pig B also developed fever and tremor; died Oct. 29. 

2nd passage. Oct. 29. Two guinea pigs, C and D, inoculated intracerebrally 
with fresh brain, Guinea Pig B. Guinea Pig C developed fever and tremor; died 
Nov. 4. Guinea Pig D developed, in addition, salivation and convulsions; died 
Nov. 6. 

3rd passage. Nov. 4. Two guinea pigs, E and F, injected intracerebrally with 
fresh brain of Guinea Pig C. Both showed encephalitic symptoms, including 
fever (41 .2 = C.) ; died Nov. 10 and 12 respectively. The animals which survive 
longest tend to develop the more striking symptoms. 

4th passage. Nov. 12. Two guinea pigs given intracerebrally injection of 
fresh brain of Guinea Pig E. One died of trauma. The other, Guinea Pig G, 
showed tremor and salivation; died Nov. 22. Two additional guinea pigs, H and 
I, were injected intracerebrally with fresh brain of Guinea Pig F on Nov. 10. 
Both developed symptoms consisting of fever (41.3°C.), tremor, convulsions, and 
salivation; died Nov. 18 and 19 respectively. 

5th passage. Nov. 18. Two guinea pigs, J and K, inoculated intracerebrally 
with fresh brain of Guinea Pig I. Both developed sjinptoms of encephalitis and 
died Nov. 25 and 26 respectively. 

Cth passage. Nov. 26. Four guinea pigs were inoculated, two with fresh brain 
of Guinea Pig J, and two with fresh brain of Guinea Pig K. One of the four died of 
trauma; the other three (Guinea Pigs L, M, and N) showed typical symptoms of 
encephalitis; died on Dec. 4 and 5. 

7th passage. Dec. 6. Four guinea pigs were injected intracerebrally with 
fresh brain of Guinea Pigs I. and M of previous passage. All (Guinea Pigs O, P, 
Q, R) developed characteristic symptoms; died Dec. 12 and 13. 

8th passage. Dec. 14. Two guinea pigs (S and T) inoculated intracerebrally 
with fresh brain of Guinea Pig R, 7th passage. Both developed symptoms; died 
Dec. 20. 

9th passage. Dec. 21. Two guinea pigs (U and V) injected intracerebrally 
from Guinea Pig S of gth passage. Both developed symptoms. One (U) died 
Dec. 27 ; the other (V) recovered. 

10th passage. Dec. 2S. Tv, o guinea pigs (W and X) inoculated intracerebrally 
" ith fre <.h ''rain of Guinea Pig U,9th passage. Both guinea pigs developed symp- 
toms; died Jan. 3, 1927. 
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At this point, the series of inoculations was interrupted. The 
results of the series were established by histological study of the brains 
of the guinea pigs and by return inoculations intracerebrally and cor- 
neally into rabbits at the second and third guinea pig passages. Five 
rabbits receiving inoculations of guinea pig brains, either subdurally 
or corneally, developed encephalitis and succumbed. The fact should 
be stressed that virus encephalitis in the guinea pig sometimes runs 
an asymptomatic course to a fatal issue. The brains of such animals 
produce symptomatic encephalitis on passage inoculation. This 
condition was observed in the 1922 and again in the 1926 virus 
passages. 


Corneal Inoculations. 

The series of corneal inoculations of guinea pigs with H.F. I virus 
assumes importance by reason of the fact that Rose and Walthard 5 
and Doerr 3 emphasize the point that no strain of herpes virus has 
been described which passes from the eye to the brain, inducing fatal 
encephalitis. The H.F. I virus is capable of making this passage and 
of causing death. 

Guinea Pigs . — Guinea Pig I. Nov. 4, 1926. Right eye cocainized and cornea 
scarified with cataract knife dipped in 10 per cent suspension of fresh brain of 
Guinea Pig C, 2nd cerebral passage. Severe keratoconjunctivitis followed, at- 
tended by fever (41.2°C.), and on 6th day by symptoms of brain involvement: 
circling to right, tremor, ataxia, salivation. Death on Nov. 16, or 12 days after 
inoculation. 

Guinea Pig II. 12 Nov. 8. Right eye inoculation as before with exudate from 
Guinea Pig I. First keratoconjunctivitis, then encephalitis developed, leading to 
death on Nov. 18, or 10th day after inoculation. 

Further inoculations were made with the fresh brains of Guinea Pigs I and II. 
Material from Guinea Pig I was introduced into the cornea of one guinea pig and 
the brain of two other guinea pigs, without effect. The conclusion is that the 
virus was no longer active on the 12th day. The brain of Guinea Pig II was in- 
jected intracerebrally into two guinea pigs, of which one succumbed to virus 
encephalitis on the 6th, and the other on the 12th day. Another guinea pig which 
received a corneal inoculation of the brain, developed keratoconjunctivitis at- 
tended by salivation, from which recovery took place. 


12 This is the animal whose protocol is given in “Epidemic encephalitis and 
simple herpes,” Flexner, S., J. Gen. Physiol., 1925-27, viii, 713. 
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The power to pass from the cornea to the brain possessed by even 
strong strains of herpes virus is determined not by the virus alone, 
but is conditioned by the individual guinea pig subjected to inocula- 
tion. Thus of four guinea pigs which were given comeal inoculations 
of fresh H.F. I guinea pig brain virus, one at the third and three at 
the sixth guinea pig passage, all four developed keratoconjunctivitis, 
but one only exhibited encephalitic symptoms to which it succumbed. 
The protocol of this animal follows. 

Guinea Pig. — Dec. 4, 1926, Cocainized cornea scarified and inoculated with 
H.F. I virus, 6th guinea pig brain passage. Typical keratoconjunctivitis. Dec. 
11. Salivation, tremor, falling. Dec. 13. Death. 

There remains to be described one other type of comeal inoculation 
with strong herpes virus, namely that in which following the kerato- 
conjunctivitis the guinea pigs develop encephalitic symptoms from 
which they recover. The next two protocols illustrate this result. 

Guinea Pig. — Oct. 25, 1926. Right eye cocainized and scarified with cataract 
knife dipped in suspension of fresh rabbit brain virus H.F. I. Typical kerato- 
conjunctivitis appeared. On 6th day the temperature rose to 41.2’C.; on 10th 
day, tremor, ataxia, and circling to right were noticed. These symptoms and the 
inflammation of the eye gradually subsided, recovery becoming complete. 

Guinea Pig. — Oct. 29, 1926. Right eye inoculation as before with fresh guinea 
pig brain virus H.F. 1, 2nd brain passage. Moderately severe keratoconjunctivitis. 
On 10th day, tremor and salivation, and temperature of 40.7°C. During the next 
few days the eye inflammation subsided and the nervous symptoms disappeared. 

Wc shall now describe the inoculation of guinea pigs with the 
Beckley and Levaditi strains of herpes virus. These two strains have 
been studied by us in rabbit passages and found to be weaker than 
H.F. I . 5 Moreover, they differ from each other, as the Levaditi strain 
is weaker than the Bcckley. As tested on the rabbit, the order of 
virulence is H.F. I, Bcckley, and Levaditi. 

BccUcy Virus Scries. 

T wo separate tests were made with the Beckley virus injected 
intrncerebrally into guinea pigs. The two sets are not in prerise agree- 
ment, since the fatalities in one exceeded those in the other test. But 
they are in agreement in bringing out the fact that the Beckley is 
less active than the H.F. I strain. 
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Cerebral Inoculations . — 

Test I. Guinea Pigs A andB. — Dec. 31, 1926. Injected into right cerebrum 
suspension of fresh rabbit brain Becldey virus. Fever (41.1°C.), tremor, salivation, 
and paralysis of extremities developed. Death of Guinea Pig A occurred on Jan. 
8, 1927. Guinea Pig B was killed on Jan. 6. 

Guinea Pigs C and D. — Jan. 7, 1927. Inoculated as in preceding test with fresh 
brain virus of Guinea Pig B. Symptoms of encephalitis appeared in both guinea 
pigs and death followed on Jan. 14. 

Guinea Pigs E and F. — Jan. 17, 1927. Injected as in preceding, with fresh 
brain virus of Guinea Pig D. Symptoms of encephalitis developed and Guinea 
Pig E died on Jan. 24; Guinea Pig F died on Jan. 22. 

Guinea Pig G. — Jan. 25, 1927. Inoculated as before with fresh brain virus of 
Guinea Pig E. Developed symptoms of encephalitis, including tremor, gnashing, 
convulsions, salivation, and impaired eyesight; death on Feb. 2. 

Guinea Pig H . — Feb. 4, 1927. Inoculated as before with fresh brain virus of 
Guinea Pig G. No symptoms appeared and animal remained well. 

Guinea Pigs I and J . — Feb. 7, 1927. Injected intracerebrally with virus from 
Guinea Pig G, glycerolated for 5 days. No effect was produced. 

The sudden loss of activity on the part of the Beckley strain of 
virus at the fifth passage in guinea pigs led us to repeat the test. The 
series of protocols follows. 

Test II. Guinea Pigs A and B. — Feb. 21, 1927. Intracerebral inoculation of 
fresh rabbit virus, Beckley strain. Symptoms of severe encephalitis developed, 
so that the moribund animals were killed on Feb. 28 and Mar. 3 respectively. 

Guinea Pigs C and D. — Mar. 1, 1927. Cerebral inoculation from Guinea Pig B. 
Symptoms of encephalitis, including tremor, salivation, and convulsions, appeared. 
Guinea Pig C died on Mar. 7 ; Guinea Pig D was killed on Mar. 5. 

Guinea Pigs E and F. — Mar. 5, 1927. Cerebral inoculations from Guinea Pig D. 
Guinea Pig E showed slight, fleeting symptoms only and recovered; Guinea Pig F 
showed more pronounced, but not severe symptoms, and was killed on Mar. 11. 

Guinea Pigs G and II . — Mar. 11, 1927. Cerebral inoculation with fresh brain of 
Guinea Pig F. No marked symptoms arose and animals remained well. 

The result of the passage of the Beckley virus through the brains of 
guinea pigs is definite and shows that the virus, as derived from the 
rabbit, is active enough in the first removes to produce fatal encepha- 
litis, but at the fourth or fifth passage suddenly loses power and fails 
to excite marked symptoms in the inoculated guinea pigs. 

Corneal Inoculations. — The preceding tests were paralleled with two 
series of tests of the Beckley virus inoculated into the cornea. The 
first of the eye series is incomplete, but is recorded for its intrinsic 
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interest. The second is complete and brings out the rather sudden 
failure in potency of the virus in the manner of the intracerebral 
passages. 

Test I. Guinea Pigs A and B.— Dec. 30, 1926. Cocainized right eye scarified 
with cataract knife dipped in 10 per cent suspension of fresh rabbit brain Beckiey 
virus. Characteristic keratoconjunctivitis followed by fever (41.1° to 41.7°C.) 
on Jan. 6, 1927, coincident with appearance of tremor, salivation, and convulsions. 
Death of both animals on Jan. 10. 

Guinea Pigs C and D.— Jan. 11, 1927. Intracerebral injections of fresh brain 
virus of Guinea Pig A. Typical symptoms of encephalitis developed; death on 
Jan. 18 and 19 respectively. 

Guinea Pigs E and F. — Jan. 10, 1927. Comeal inoculations with fresh brain of 
Guinea Pig A. Keratoconjunctivitis followed by encephalitis appeared; death of 
Guinea Pig E on Jan. 17, of Guinea Pig F on Feb. 4. 

Test II. Guinea Pigs A and B. — Jan. 6, 1927. Corneal inoculations with fresh 
brain of guinea pig of 1st Beckiey strain passage. Keratoconjunctivitis and 
encephalitis; death on Jan. 17 and 21 respectively. 

Guinea Pigs C and D. — Jan. 14, 1927. Corneal inoculation with fresh brain of 
guinea pig of 2nd Beckiey strain passage. Keratoconjunctivitis and encephalitis; 
death of both animals on Jan. 29. 

Guinea Pigs E and F. — Jan. 24, 1927. Corneal inoculation with fresh brain of 
guinea pig of 3rd Beckiey strain passage. Keratoconjunctivitis and encephalitis; 
death of Guinea Pig E on Feb. 4, and sacrifice of F on Feb. 2. 

Guinea Pigs G and II. — Feb. 2, 1927. Comeal inoculation with fresh brain of 
guinea pig of 4th Beckiey strain passage. Severe keratoconjunctivitis without 
symptoms of encephalitis followed by recovery. 

Guinea Pigs / and J . — Mar. 11, 1927. Comeal inoculation with fresh brain of 
guinea pig of 3rd Beckiey strain passage. The cornea of one, but not of the other 
guinea pig became inflamed, and no cerebral symptoms appeared. 

Lcvadiii Virus Series. 

The experiments so far described establish the guinea pig as selective 
for strains of herpes virus of differing potencies as is the rabbit, the 
distinction being that because of greater natural resistance to infection 
the guinea pigs make a sharper distinction of virulence than do rabbits. 
Hence we should expect that a strain of the virus relatively weak for 
the rabbit should prove even less effective for the guinea pig than either 
the II. F. I or the Beckiey strain. Lcvaditi Strain 6 is, according to 
Flexner and Amoss. 9 such a weak strain. It has, therefore, been in- 
oculated into guinea pigs by way of the brain and the cornea, and has 
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behaved in conformity with its rabbit propensities. Of the three 
strains studied by us in guinea pigs, it alone corresponds in its action 
to the descriptions given by Dmitriefl and by Rose and Walthard. 
The protocols of the experiments follow in brief. 

Test I. Guinea Pigs I and II. — Jan. 26, 1927. Cerebral inoculation with 
fresh rabbit brain Levaditi virus. Guinea Pig I showed no symptoms and re- 
mained well. Guinea Pig II developed fever (40.8°C.) and tremor on the 3rd day. 
No accentuation of the symptoms but emaciation set in. Killed on 13th day. 
The brain of this animal injected intracerebrally into two guinea pigs, III and IV, 
and into a rabbit was without result. 

The original rabbit brain virus inoculated into the cornea of two guinea pigs 
produced keratoconjunctivitis, unattended by cerebral symptoms from which 
recovery ensued. 

Test II. Guinea Pigs V and VI. — Feb. IS, 1927. Cerebral injection of 
fresh rabbit brain Levaditi virus. No symptoms followed and the animals re- 
mained well. 

Test III. Two Guinea Pigs. — Feb. 22, 1927. Injected as in previous tests with 
fresh rabbit brain Levaditi virus without producing symptoms. 

Test IV. Two Guinea Pigs. — Mar. 23, 1927. Received fresh rabbit brain 
Levaditi virus by cerebral injection, again without result. 

The Levaditi virus employed for the inoculations was active for the rabbit on 
intracerebral injection and was used on the 6th day of the encephalitis for inject- 
ing the guinea pigs. 

As the protocols show, only the first cerebral inoculation was posi- 
tive and that in the first test only. In this test, the attempted second 
passage to guinea pigs failed. Corneal inoculation succeeded in the 
first test, but no evidence of extension of the inflammatory process 
to the brain was detected. 


DISCUSSION. 

The experiments described in this paper leave no doubt that the 
guinea pig is only less subject to infection with the herpes virus than 
is the rabbit. The inoculations of herpes virus in the guinea pig in the 
past have covered too narrow and restricted a variety of virus strains. 
There is no doubt that the strain employed by Dmitriefl was a weak 
one, and the one employed by Rose and Walthard little, if any, 
stronger. Flexner and Amoss 9 had already placed the Doerr strain — 
presumably the one used by Rose and Walthard — among the weak 
strains, on the basis of rabbit tests and of reaction to glycerolation. 
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The Levsditi strain had also been classed as a weak strain, and the 
tests on guinea pigs bring these three strains — Dmitrieff, Rose and 
Walthard, and Levaditi— in the same category of strength or viru- 
lence. The fact should be emphasized that so weak a virus as the 
Doerr strain, inoculated into the skin of guinea pigs, proved to be 
active enough to pass regularly from it to the spinal cord, thus dis- 
playing the property called spontaneous neurotropy by Rose. 5 

The H.F. I and Beckley strains of virus possess far greater virulence 
for guinea pigs as well as for rabbits. Their strength has not notably 
diminished during the 5 and 4 years respectively since their original 
isolation and after very many rabbit passages. Both are capable of 
being passed from guinea pig to guinea pig by means of cerebral and 
corneal inoculations, although the H.F. I strain, the stronger by rabbit 
test, alone seems capable of indefinite passage. Both also are capable 
of passing from the cornea to the brain, inducing fatal encephalitis. 
Hence they belong in a totally different category from the three other 
strains already mentioned. 

The theoretical importance of the manner of response of guinea pigs 
to herpes virus inoculation arises from the use which has been made of 
fragmentary knowledge to support the hypothesis of the virus etiology 
of epidemic encephalitis. The paradox of this ubiquitous virus, ordi- 
narily so readily implanted upon the rabbit and yet so rarely found in 
cases of epidemic encephalitis, has effectually barred the way to the 
wider adoption of the hypothesis. Hence the eagerness with which its 
upholders seized upon the guinea pig experiments as supporting their 
belief. The experiments given in this paper make it more than doubt- 
ful whether the support is valid and whether, indeed, any light what- 
ever has been thrown on the etiology of epidemic encephalitis through 
the tests made on guinea pigs. Rather it would seem that the nature 
of the inciting agent of that disease remains still a problem for future 
solution. 


SUMMARY. 

Die guinea pig is subject to cerebral and corneal inoculation of the 
herpes virus. 

The effects of the inoculations van- with the strength or degree of 
virulence of the virus. 
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Weak strains of the virus are implanted on the cerebrum with 
difficulty and strong strains with ease. 

Weak strains are quickly suppressed by the brain and strong strains 
may be passed indefinitely from brain to brain of the guinea pig. 
Strains of intermediate potency can be passed for a limited number of 
times only. 

Weak strains induce keratoconjunctivitis without brain involve- 
ment, while strong strains invade the brain from the eye and produce 
fatal encephalitis. In the latter case, the brain contains active virus 
inoculable upon the cornea and into the brain of rabbits and guinea 
pigs. Strains of intermediate potency produce keratoconjunctivitis 
accompanied by mild symptoms of encephalitis, from which recovery- 
results. 

The guinea pig serves even more definitely than the rabbit to dis- 
tinguish grades of virus according to strength or virulence. There is 
no difference of kind but only of degree of response to inoculation of 
herpes virus in the rabbit and the guinea pig. 

The etiology of epidemic encephalitis has not, therefore, been 
brought appreciably nearer solution by experiments with herpes virus 
carried out in guinea pigs. 

I wish to thank Mr. Peter Haselbauer for very valuable assist- 
ance in the carrying out of the experiments on which the two present 
papers are based. 
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Lcdingham (1) reported that the injection of India ink into the skin 
of rabbits induced a local refractory state to the action of vaccine virus, 
j.c., the visible reaction usually produced by vaccine virus failed to 
occur in parts of the skin previously treated with ink. Carnot and his 
coworkers (2) determined that areas of rabbits’ skin repeatedly exposed 
to ultra-violet light were less susceptible to the actionof vaccine virus 
than were untreated areas of skin in the same animal. Le Fevre de 
Arric observed that the shaved skin (rabbits’) exposed to Roentgen 
rays was more resistant 14 days later to vaccine virus than was un- 
treated skin (3). The observations of these men and a desire to obtain 
information concerning the modification of the picture of vaccinia in 
rabbits by means of non-specific procedures led to the experiments 
which arc reported in the present paper. 

Methods and Materials. 

Vaccine Virus. — The vaccine vims used in these experiments was obtained 
originally from Dr. Noguchi. It is free from ordinary bacteria and is propagated 
in the testicles of rabbits (4). A large amount of the virus was prepared and 
glyccrohtcd To facilitate comparison of results, the same vims emulsion was 
used in ail experiments 

An. rials — I he majority of the rabbits used «crc albinos. Other kinds of 
rabbit' v ere employed, hov ever, and the results observed in them v, ere similar to 
th've obtained in albino 1 

Ina ,'r. V:rc:r.:':m — 1 he hair was removed from large areas of skin 
by ’bavin-; In the animals that neeived only one irradiation, selected areas of 
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the shaved skin were exposed to the direct rays of the quart/, mercury arc (60 to 65 
volts D. C.) at a distance of 50 cm. for periods of time ranging from 5 to 40 minutes. 
The control areas of skin were protected against the action of the ultra-violet 
light by screens of lead-foil. At different intervals of time following the comple- 
tion of the irradiation the treated and untreated areas of skin were scarified and 
inoculated with vaccine virus. In the rabbits that received repeated irradiations, 
shaved areas of skin over the dorsal surface of the animals were exposed to the 
action of ultra-violet light at a distance of 1 meter for 15 to 30 minutes, at daily 
intervals for 1 or 2 weeks. After the repeated exposures to the light, the treated 
skin was scarified and inoculated with vaccine virus. Control areas of skin of the 
same animals, on the lateral surface of the abdomen and thorax, were shaved and 
inoculated in a manner similar to that employed in the treated areas. As an 
additional control, the shaved skin over the dorsal surface of rabbits not treated 
with ultra-violet light was also scarified and inoculated with vaccine virus. 

In studying the effect that ultra-violet light has upon the skin of 
rabbits in regard to the activity of vaccine virus subsequently inocu- 
lated upon it, the work was divided into two parts; the first dealt with 
the effect of single exposures, the second with repeated irradiations. 

Effect oj Single Irradiations. 

A number of rabbits were exposed to the rays of the quartz mercury 
arc for 5, 10, or 30 minutes. 30 to 60 minutes after the exposures to 
the light were completed, areas of treated and untreated skin were 
scarified and inoculated in the usual manner with vaccine virus. Nine 
experiments were performed in the first series. The results are sum- 
marized in Table I. 

The results shown in Table I indicate that the activity of vaccine 
virus is delayed and mitigated (see Fig. 1) when the virus is inoculated 
on the recently irradiated skin of a rabbit. Furthermore, the lesions 
that develop in treated skin are frequently more deeply situated than 
are those in untreated skin. 

The fact that the lesions in the irradiated skin were delayed and 
more deeply situated than usual led us to suspect that they might have 
resulted from virus transported to the treated skin through the blood 
stream from the lesions in the untreated skin. Experiments were 
performed to obtain information concerning the source of the virus 
producing these deep lesions. 
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An area of a rabbit’s skin was irradiated for 40 minutes in the usual manner. 
Thirty minutes later the irradiated skin was gently scarified and inoculated with 
vaccine virus. Care was taken not to soil the untreated skin with virus. Another 
rabbit whose skin had not been exposed to ultra-violet light was inoculated in the 
usual manner. The lesions in the control rabbit appeared on the 3rd day, and 


TABLE I. 

The Reaction of Irradiated Skin to Vaccine Virus Inoculated upon It Shortly after 

Single Irradiations. 


Rabbit ' 

Distance 

Time of 

Voltage 

Results of vaednatioa 

No. ! 

from arc ■ 

exposure 

otD.C. " 

Irradiated stin 

Cotmted skin 

i 

crt. 

50 

run. 

30 

60-05 

One pustule appeared 6th 

Eleven pustules appeared 

2 

It 

It 

It 

day 

So lesions 

3rd day 

Numerous lesions 

3 

It 

u 

it 

+ 

++- b 

4 

l* 

u 

it 

First definite sign 6th day 
+ 

Appeared 3rd day 

4"h+4‘ 

5 

It 

it 

1 “ 

First definite sign 6th day 

1 + 

Appeared 3rd day 
++++ 

1 

6 


it | 

« 

First definite sign 6th day 
? 

Appeared 3rd day 
*r+ 

7 

(I 

It 

If 

Doubtful take 6th day 
? 

Appeared 3rd day 
++-r 

8 

it 

5 

II 

No definite lesions 
++ 

Appeared 3rd day 
+++ 


i< 

10 

(1 

Appeared 4th day 

4* 

Appeared 3rd day 

4*i*4 

9 

II 

5 

ft 

Appeared 4 th day 
++ 

Appeared 3rd day 

-f 4-4- 


It 

10 

1 1 

Appeared 4 th day 
+ 

Appeared 3rd day 
+++ 





Appeared 4 th day 

Appeared 3rd day 


-v indicates a positive reaction to vaccine virus. The number of -f signs 
indicates the severity of the reaction. 

? indicates the presence of a doubtful reaction. 


were con'lucnt. Only a few lesions developed in the treated rabbit; they ap- 
peared on the 5th day and w ere deeply situated in the skin. Several experiments 
of this character v.cre performed and the results were ala ays the same, provided a 
potent virus was used. 

T«o rabbits v ere shaved on l»th sides of the thorax and abdomen. Two areas 
on one side of each rabbit were irradiated for 20 and 40 minutes respectively. 
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Strips of skin for controls were protected from the effect of the light. Imme- 
diately after irradiation the untreated side of each rabbit was inoculated with 
vaccine virus in the usual manner. The lesions at the sites of inoculation ap- 
peared on the 3rd day, and later coalesced. On the Sth day a few discrete lesions 
were observed in the irradiated skin. None were seen, however, in the nearby 
skin protected by foil. 

The results of the two sets of experiments just described indicate 
that the deep, delayed lesions in the irradiated skin of the rabbits em- 
ployed for the experiments summarized in Table I may have resulted 
either from the virus inoculated directly on the treated skin or from 
virus transported to it by the blood from lesions in the untreated 
skin. 

It seemed of interest to ascertain whether irradiated skin possesses 
virucidal properties for vaccine virus. This matter was investigated 
in the following manner. 

The skin on one side of a rabbit was irradiated for 40 minutes. Immediately 
after the completion of the irradiation the rabbit was sacrificed. The superficial 
layers of the treated skin were then removed and emulsified. As a control, skin 
from the untreated side was removed and emulsified in a similar manner. Por- 
tions of each emulsion were mixed with small amounts of vaccine virus and in- 
cubated at 37°C. for 1 hour. These mixtures were then smeared on areas of 
scarified skin of the same rabbit. Lesions developed at all points where the 
mixtures were placed. 

From the above experiment it may be concluded that irradiated 
skin is not virucidal for vaccine virus and that the results summarized 
in Table I were not dependent upon a factor of this nature. 

When it had been determined that the reaction to vaccine virus was 
delayed and mitigated in irradiated skin inoculated 30 to 60 minutes 
after treatment, experiments were performed to ascertain the type of 
reaction that occurs in skin inoculated with vaccine virus 18 to 72 
hours after irradiation. 

A number of rabbits were shaved and areas of skin were irradiated for 5, 10, or 30 
minutes. Areas of skin for control on each rabbit were protected by foil. Areas 
of treated and untreated skin were inoculated with vaccine virus after varying 
intervals of time had elapsed following irradiation. At the time of inoculation 
the treated skin was usually red and edematous. The results of the experiments 
are summarized in Table II. 
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From the results of experiments summarized in Table Ft it appears 
that skin irradiated for a short time 24 to 72 hours prior to inoculation 


table n. 

The Reaction of Irradiated Skin to Vaccine Virus Inoculated upon It 18 to 72 Sours 
after Single Irradiations. 


Babbit 

No. 

Dis- 

tance 

Time 
o? ex- 

Volt- 

eetol 

D.C 

Lapse of 
time 
between 
irradia- 
tion and ■ 
inocula- 
tion 

Results of vaccination 

arc 

post: re 

Irradiated sfcin 

Untreated sVin 


cn • 

min. 


hrs. 



10 

50 

30 

60-65 

24 

Appeared 4th day 

_L- 

Appeared 4th day 

11 

it 

it 

tt 

tt 

Appeared 3rd day* 

i t t 

i TT 

Appeared 2nd day 

12 

it 

It 

it 

tt 

4.4.. LJ- 

; Appeared 3rd day 

444 

Appearcd 2nd day 

13 

U 

it 

It 

it 

++++ 

Appeared 3rd day 

Slow in developing 

Appeared 2nd day 

14 

it 

It 

tt 

IS 

Interpretation difficult 

J — L X 

Appeared 3rd day 

IS 

it 

it 

tt 

it 

rb j 

Interpretation difficult 

4 -j — l. 

Appeared 3rd day 

10 


5 

it 

48 

+-r-r+-r 
Appcarcd 3rd day 

++++ 

Appeared 3rd day 



10 

(1 

<( 

Appeared 3rd day 

4444 

Appeared 3rd day 

17 


5 


71 

ti — i — — h 
Appearcd 2nd day 

4444. 

Appeared 2nd dav 



10 

it 

U 

Appeared 2nd day 

44.4.4. 

Appeared 2nd day 


frequently difficult to determine the time of appearance of the lesions in the 
irradiated skin, inasmuch as the skin was red and edematous as a result of the 
irradiation. 


•*- indicates a positive reaction to vaccine virus. The number of 4- signs in- 
dicates the severity of the reaction. 

~ indicates a po'itivc reaction masked by the irritation of the skin produced 
by the light. 


reacts more violently to vaccine virus than does untreated skin in the 
same animal (see Fig. 2). 
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Effect of Repeated Irradiations. 

The effect of single exposures to ultra-violet light upon the types of 
reaction produced by vaccine virus subsequently inoculated on the 
treated skin aroused interest in the question as to what effect repeated 
irradiations would have upon such reactions. The matter was in- 
vestigated in the following manner. 

A number of rabbits were shaved. Certain areas of skin were irradiated for 
IS or 30 minutes daily for about a fortnight. At first the skin became red after 
each irradiation, and after a few treatments desquamation of the superficial layers 


TABLE III. 

Effect of Repeated Irradiation upon the Skin in Respect to Its Reaction to Vaccine 

Virus. 


Rabbit 

No. 

Distance 
from arc 

Voltage 

ofD.C. 

Time of 
each 
exposure 

No. of exposures 

Lapse of 
time 
between 
last irradf-1 
alion and 
inoculation 

Results of vaccination 

Irradiated 

skin 

Untreated 

skin 

Skin of 
untreated 
animal 


m. 


mitt. 


hrs. 




18 

i 

<50-65 

30 

9 in 11 days 

1 

+ + 

No test 

+ +++ 

19 

a 

f< 

U 

11 “ 13 “ 

it 

+ 

+++ 

+++ + 

20 

u 

tc 

15 

12 “ 14 “ 

it 

+ + 

++++ 

No test 

21 

tt 

u 

« 

11 " 12 “ 

48 

± 

_j — j — j — 1_ 

U it 


+ indicates a positive reaction to vaccine virus. 

± indicates a weakly positive reaction to vaccine virus. The number of + 
signs indicates the severity of the reaction. 


of the epidermis occurred. Subsequent to this no macroscopic changes were 
noted in the skin, following the daily irradiations. Finally the treated skin was 
inoculated with vaccine virus 1 hour or 48 hours after the last exposure. Areas of 
untreated skin in the same animals and the skin of untreated rabbits were also 
inoculated with virus as controls. At the time of inoculation the irradiated skin 
appeared to be perfectly normal. The results of the experiments are shown in 
Table III. 

From the results of the experiments summarized in Table III, one 
may conclude that areas of skin repeatedly irradiated are less suscep- 
tible to the action of vaccine virus than are untreated areas of skin in 
the same animals. 
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DISCUSSION. 

Rabbits’ skin irradiated for a few minutes and then immediately 
inoculated with vaccine virus is less susceptible to the action of the 
virus than is untreated skin. If 24, 48, or 72 hours elapse between the 
time of irradiation and inoculation, however, the treated skin appears 
to be more susceptible than untreated skin. Teague and Goodpasture 
(5) have demonstrated that herpes virus produces an especially pro- 
nounced reaction in a guinea pig’s skin that shows active epithelial 
hyperplasia produced by applications of coal tar. Cobbett and Mel- 
some (6), working with hemolytic streptococci, noted that rabbits’ 
ears irritated with mustard oil were more susceptible to streptococcal 
infections than were control ears during the first 48 hours following the 
irritation, after which they became more resistant than the controls, — 
a finding the converse of that in our irradiated rabbits. 

An explanation of these phenomena and of that which we have 
dealt is not readily found. Certain filtrable viruses (7) , among which 
are vaccine virus and herpes virus, have not been cultivated in lifeless 
media. These active agents, however, do multiply in the presence of 
suitable living host cells. Furthermore, the multiplication seems to 
occur best in the presence of young, actively growing cells. These 
facts may aid in explaining the results of some of the experiments re- 
ported in the present paper. When irradiated skin was immediately 
inoculated with vaccine virus, the virus was placed on damaged or 
dead tissue, — for in the end the skin desquamated. One may pre- 
sume that the reaction to the virus was delayed or mitigated because 
of the condition of the cells with which it came in contact. If 24, 48, 
or 72 hours elapsed between the time of irradiation and inoculation, 
the virus was placed on a skin the surviving cells of which were already 
stimulated toward repair while multitudes of others had come in from 
the blood stream. Falling on such a soil the vaccine virus may well 
have acted more intensely than usual. This explanation is suggested 
merely as a possibility. 

The skin that was repeatedly exposed to ultra-violet light appeared 
to be normal except for a light tan noted in a few instances. Vet in 
spite of its normal appearance, this irradiated skin was less susceptible 
to the action of vaccine virus than was untreated skin. No reason can 
at present be offered for the enhanced resistance to vaccine virus. 
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It is obvious that the reaction of the skin to certain viruses may be 
modified by means of non-specific procedures. Furthermore, since a 
great deal of the evidence in favor of the identity of some of the epi- 
theliotropic viruses has been obtained by means of cross-immunity ex- 
periments conducted in the skin of human beings and animals, it is 
possible that factors of a non-specific nature, generally overlooked or 
underestimated, are responsible for part of the confusion concerning 
the interrelationship existing between certain of these viruses. 

SUMMARY. 

Rabbit skin treated for a few minutes with ultra-violet light and 
then inoculated at once with vaccine virus is less susceptible to the 
action of the virus than is untreated skin. If 24, 48, or 72 hours elapse 
between the time of irradiation and inoculation, the treated skin 
appears to be more susceptible than is untreated skin. Skin repeat- 
edly exposed to ultra-violet light is less susceptible to the action of 
vaccine virus than is non-irradiated skin. 
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EXPLANATION OF PLATE 5. 

Fig. 1. Rabbit 1961. A irradiated, B control. Both A and B were inoculated 
with vaccine virus within a few minutes after irradiation of A. The broad dark 
lines observed in A are the effects of scarification and do not represent a reaction 
to vaccine virus. 

Fig. 2. Rabbit 1960. A irradiated, B control. Both A and B were inoculated 
with vaccine virus 24 hours after irradiation of A . 
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Medical Research.) 

(Received for publication, September 28, 1927.) 

It has been known for many years that ultra-violet light is bac- 
tericidal. Finsen and Dreyer (1), in 1903, were probably the first to 
show that light with short wave-lengths is virucidal also. More re- 
cently (2-7) other reports have appeared dealing with the effects of 
ultra-violet irradiation upon bacteria, viruses, and enzymes. For the 
most part, however, single wave-lengths have not been used in the 
investigations, nor have the workers determined or taken intp con- 
sideration the amount of energy required to kill or to inactivate these 
agents at single wave-lengths in the active ultra-violet region. One 
of the present authors (Gates) is making a quantitative study of the 
action of ultra-violet light on certain active agents in the hope of 
obtaining additional information concerning their nature. In the 
present paper the results of the studies concerning the effects of ultra- 
violet irradiation upon one of these active agents, vaccine virus, will 
be presented. 

Methods and Materials. 

Vaccine Virus . — The source and preparation of the vaccine virus have been 
described in the preceding paper. Fresh virus, however, instead of glycerolated 
material, was used in the experiments to be reported in the present paper. 

Method of Irradiating and Testing the Virus . — Three drops of fresh virus were 
allowed to spread over the surface of 2 per cent nutrient agar (pH 7.4) in a small 
Tetri dish. After being surface-dried in a horizontal position, certain areas of 
there plates were exposed for various intervals of time before the exit slit of a 
large quartz monochromatic illuminator to the different spectral lines of a quartz 
mercury arc in the ultra-violet region between A 2d 02 and A 3120 AngstrOm units. 
The intensity at each v.ave-lcngth (measured in ergs per sq. mm. by means of a 

43 



46 


ULTRA-VIOLET LIGHT AND VACCINE VIRUS. II 


standardized thermopile and high sensitivity galvanometer) multiplied by the 
time of exposure gave the total incident energy for each exposure. For com- 
parison, a thin suspension of Staphylococcus aureus was washed over the surface 
of nutrient agar also. After surface drying, certain areas of the plates were 
exposed to the same spectral lines, and to intensities similar to those used for the 
vaccine virus. 

After exposure to the light, small sections of the agar covered with vaccine virus 
were removed from exposed areas and from unexposed (control) areas, were emul- 
sified with Locke’s solution, and both were injected in aliquot doses into the shaved 
skin of the same susceptible rabbit. The agar plates with the staphylococci were 
incubated, and the bactericidal effect of the ultra-violet irradiations upon the 
bacteria was determined by counting the number of colonies in each exposed area 
and comparing them with the number in unexposed areas of the same size. In 
this manner figures were obtained which made it possible to express the effect of 
the light upon the bacteria in percentage of bacteria killed. In dealing with 
vaccine virus, however, the methods of titration are very crude. Consequently 
the determinations of the amount of virus inactivated or killed by the light are 
only relatively accurate, for the readings only indicated a positive or negative 
skin reaction. Thus the end-point had to be reached each time before a reading 
could be relied upon, i.c., the virus had to be exposed long enough so that no 
visible reaction occurred at the site of injection in the skin. Under these con- 
ditions, it was impossible to say whether a subinfecting amount of virus remained 
active after exposure to the light or whether more energy had been used than was 
necessary to inactivate all of the virus. 

A number of experiments were performed in the manner described 
(1) to determine and (2) to compare the effects that monochromatic 
ultra-violet light has upon vaccine virus and upon staphylococci. The 
results are summarized in Table I and graphically presented in 
Chart 1. In similar bactericidal studies on S. aureus carried out 
within a few months of these experiments closer approximations to 
the actual amount of incident energy involved in the destruction of 
all the exposed organisms were obtained. For comparison these 
figures are included in the table under Staphylococcus II and the 
curve derived from them has been superimposed upon the cross- 
hatched areas of the chart. 

The upper line in Chart 1 represents the amount of energy in ergs 
per sq. mm. at each wave-length adequate, or more than adequate, to 
reduce the quantity of active vaccine virus below the dose necessary 
to produce a visible lesion in the skin of a susceptible rabbit. The 
lower line connects observations obtained from experiments in which 
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Graph illustrating the effect of monochro- 
matic ultra-violet radiations on vaccine 



Chart 1 . The incident energy required to inactivate all of a given specimen 
of vaccine virus lies between the upper and lower limits of the area cross-hatched 
////• The energy necessary to kill all of the staphylococci falls within the area 
cross-hatched 111! . It is evident that these areas are identical except in the 
case of X 2804. At this wave-length an amount of energy that lulled all of the 
staphylococci failed to inactivate all of the vaccine virus. Only a “lower limit” 
is given at X 3120. With the amount of energy used at this wave-length neither 
vaccine virus nor Slaphytecccc curcus was seriously injured. It is not known 
what very large amount of energy, if any, at this wave-length is injurious to the 
active agents studied. The curve marked S II (Stofkvlccoma aurext) repre- 
sents a closer approximation of bactericidal energy as found in the experiments 
of another jcncs.. 
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the amount of energy used was not sufficient to reduce the quantity of 
active virus to a point below the threshold dose. In regard to staphy- 
lococci, it was found (1) that at each wave-length, except one, the 
amount of energy inadequate to inactivate all the virus killed only 
from 62 to 76 per cent of the bacteria and (2) that the energy sufficient 
to inactivate the virus completely also killed all of the staphylococci. 

The actual curves of the bactericidal ( Staphylococcus aureus ) and the 
virucidal (vaccine virus) effects of ultra-violet light lie within the 
shaded area, which doubtless could be reduced considerably in width 
by further experiments. Whether the curves for vaccine virus and for 

TABLE i. 


Amount of Energy at Certain Wave-Lengths Sufficient to Inactivate or Kill Vaccine 
Virus and Staphylococcus aureus. 


Wave-length 

Ergs per sq. mm. 

Vaccine virus 

Staphyloccus I 

Staphyloccus II 

2303-30 

1,040 

1,040 

830 

2379-97 

S56 

856 

900 

2482 

619 

619 

4S0 

2536 

480 

480 

410 

2675 

356 

356 

345 

2804 

S58 

572 

510 

2967 

3,708 

3,708 

4000 

3022 

26,600 

26,600 

— • 

3126 

30,600 (no eSect) 

30,600 (no effect) 

— 


staphylococci are identical cannot be determined with the crude 
methods available at present for titrating the virus. More significant 
than the absolute energies involved is the general shape of the curves 
which might be plotted within the shaded area. A rapid decrease in 
the required energy between X 3022 and X 2804 Angstrom units, a nadir 
at X 2675, and a rise towards X 2302, corresponds closely to the curve 
representing the absorption of ultra-violet light by protein substances, 
and, in general, to the curves symbolizing various reactions of proto- 
plasm or protein derivatives of protoplasm to light of short wave- 
lengths. The fact that these curves are similar is interesting and sug- 
gestive. Inasmuch, however, as the vaccine virus in a testicular 
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emulsion is admixed with a great quantity of animal protein to which 
it is probably adsorbed, one should be careful not to draw final con- 
clusions from such observations as are reported in the present paper. 

SUMMARY. 

Under the experimental conditions described in the present paper, 
it was found that the amount of energy required to kill staphylococci 
at single wave-lengths in the active ultra-violet region was approxi- 
mately the same as that necessary to inactivate vaccine virus. 
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When one kidney or one adrenal cortex is removed the remaining 
organ becomes larger. This enlargement is due in the main to an 
increase in the volume of some or all of the cells which compose the 
parenchyma of the organ, and, since it follows an induced deficiency 
in total cell mass, the term compensatory hypertrophy has been used 
to designate the process. But there are some organs which do not 
manifest any measurable capacity for compensatory hypertrophy. 
The excision of one testicle is not followed by any significant change 
in the one which is left (1) and it has been shown that the mass of the 
medullary portion of the adrenal gland remains the same and the 
volume of the cells unaltered after unilateral adrenalectomy (2). No 
satisfactory explanation for this divergence in the reaction of different 
organs has been advanced and indeed the facts have not yet been 
defined with sufficient precision to warrant speculation. A quantita- 
tive comparison of the varying degrees of compensatory hypertrophy 
of all the different organs under identical conditions might throw 
light on the mechanism of the process. But in the meantime even 
our qualitative information is incomplete for there are no adequate 
data in regard to the effect of the excision of one lung. 1 The work 
reported here is an attempt to fill this gap in our knowledge. 

' t hree interesting and decisive studies on the effects of unilateral pneumcctomy 
have appeared from Johns Hopkins University. Ilcucr and Dunn (3) described 
the alterations in the position of the thoracic viscera and discussed the surgical 
aspects of the question. The changes of the alveolar CO. and Oj and in the hemo- 
globin concentration of the blood were determined by Hcucr and Andrus (4). 
Andrus (5) found tint the lung volume had returned to its original value in about 
30 days after the operation. There vas at first a marked increase in the rate of 
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When one lung is removed the remaining lung fills the space formerly 
occupied by the excised lung and. pushes the heart close up against 
the chest wall. There is an obvious enlargement of the organ but it 
might be wholly due to a greater distension with air, and not at all to 
any increase in lung tissue. Nor did it seem that the weight of the 
organ would be a satisfactory measure of the amount of tissue it 
contained, for all the blood of the body has to pass through the 
remaining lung, and must add appreciably to its weight. The blood 
was therefore removed by perfusion with Locke’s solution and the 
quantity of nitrogen in the washed lung was taken as the measure of 
the mass of lung tissue. 

The left lung was removed from female albino rats on the 200th 
day of age under ether anesthesia. The lung was pulled up by blunt 
ring forceps into a long retracted intercostal incision while a catgut 
ligature was passed round the root of the lung with an aneurism 
needle and tied. The lung was then cut off distal to the ligature. 
One-third of the animals died from cessation of respiration during the 
operation. Attempts to remove the right lung were only rarely suc- 
cessful because the right heart dilated when, the pulmonary vessels 
were tied. The surviving rats recovered promptly from the anesthe- 
tic and in a very short time were apparently well. 

Two groups of controls of the same sex and age were used. In the 
first no operation was performed, while in the second all the steps of 
the operation with the exception of the ligature and removal of the 
lung were completed. The nitrogen content of the right lung of these 
control rats was compared with the nitrogen content of the remaining 
right lung of the experimental group. 

An interval of from 60 to 61 days was allowed to elapse from the 
time of operation and then both the experimental and the control 
animals were anesthetised, several mg. of heparin dissolved in Locke’s 
solution were injected by a needle and syringe into the circulation 
through the heart, the chest cavity was widely opened, the left auricle 
incised, a glass cannula thrust into the right ventricle, and Locke’s 
solution run slowly into the still beating heart. As a rule the pink 

flow of blood through the remaining lung. The conflicting histological observa- 
tions have been summarized by Kawamura (6). He himself observed an increase 
in the elastic tissue and capillaries in the alveoli of the remaining lung. 
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lung tissue blanched white at once but in some cases, which were 
rejected, appreciable quantities of blood were left. When the per- 
fusion fluid ran clear from the left auricle and no more blood could be 
seen in the lung, the right lung was excised in a uniform manner, 
cutting the bronchus and vessels as closely as possible to the lung. 
After blotting on filter paper the entire lung was transferred to a 
Kjeldahl flask and digested for 3 hours with 30 cc. H a S0 4 , 10 gm. 
K 2 SO*, and 0.7 gm. Hg. 

The left lung of the albino rat was found by Jackson to weigh 
approximately 0.33 times the total lung weight (7). The results 

TABLE I. 


Comparison of the Nitrogen of the Right and Left Lungs. 


Right lung 

Left lung 

Both lungs 

„ .. Left lung Xs 
Ratio: >, , — - x . ■ 

Both lungs 

rri 

ng 

mi. 


19 12 

11 94 

31 06 


17 56 

9 79 

27 35 

■El- r« 

15 54 

7 42 

22 96 


15 47 

8 49 

23 96 


15 2S 

8.16 

23 44 


15 28 

8 48 

23 76 

M I 

14 66 

8 07 

22.13 


14 62 

8 27 

22 89 


13 72 

7 56 

21 28 

0 355 

Average 

0.355 



given in Table I in which the nitrogen content of the right and left 
lungs arc compared show that the left lung contains on the average 
0.36 times the total lung nitrogen. 

In the experimental rats, therefore, whose left lung was excised, 
only about one-third of the total lung tissue was removed, whereas 
when a kidney, adrenal, testicle, or ovary is excised the total organ 
tissue is approximately halved. This difference invalidates any 
comparison of the degree of lung hypertrophy noth the degree of 
hypertrophy in other paired organs. However it will probably be 
found possible to get about half the lung tissue out by removing first 
one lobe of the right lung and later the whole of the left lung. 
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The left lung was removed from twenty-seven rats, but operative 
deaths, failures to wash blood completely from the lung, and the 
pneumonia of rats which has been described by Hektoen (8), reduced 
the number of successful experiments to twelve. The same causes 
brought the operated control group down to twelve. Pneumonia was 
found in 24 per cent of the animals. All cases were rejected in which 
it was present in no matter how slight a degree in either lung. 2 


TABLE II. 


Comparison of the Nitrogen Content of the Right Lung in the Control Rats without 
Lung Excision and in the Experimental Rats Whose Left Lung Had Been Excised. 


First controls: no operation 

* 

Second controls: 
left lung exposed 

Experimental: 
left lung excised 

Difference between 
second control 
and experimental rats 

Right lung Ni 

Right lung Ni 

Right lung Ni 

Control = 100 percent 

mg. 


mg. 

per cent 

19.12 

1 

28.32 

+46.0 

17.56 


27.74 

+63.0 

15.54 

1 16.74 

26.74 

+59.8 

15.47 

16.47 

24.92 

+51.5 

15.28 

! 16.22 

23.11 

+42.5 

15.28 

15.96 

22.97 

+43.9 

14.66 

15.62 

22.82 

+46.2 

14.62 

15.36 

20.72 

+35.0 

13.72 

14.14 

20.14 

+42.5 


14.02 

19.38 

+38.2 


13.94 

18.33 

+31.5 


13.67 

18.33 

+34.1 

Average. 15.7 

15.7 

22.8 

+45 


The results are given in Table II, in which the absolute amounts 
of N 2 found are recorded and in Table III, where the N 2 is expressed 

2 In one control animal it happened that the whole of the left lung was consoli- 
dated and reduced to about one-fourth of its usual size, while the right lung was 
free from pneumonia. A nitrogen determination showed that the right lung 
contained 33.78 mg. N», more than twice the average nitrogen content of the right 
lung of the controls. In several other instances of unilateral disease a high N 2 
content was found in the other lung so that it would seem that an increase in the 
mass of the remaining healthy lung tissue occurs as a result of lung disease in the 
rat. 
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as mg. per sq. dm. of body surface (body surface = 11.4 times the 
two -thirds power of the body weight). 

In both control groups the amount of N 2 in the right lung averaged 
15.7 mg., while the average N. of the one lung rats was 22.8 mg. 
Relatively to body surface the controls had 3.5 and 3.8 mg. N 2 per 
sq. dm., while the experimental rats had 5.5 mg. N ; per sq. dm. of 

TABLE HI. 


Comparison of the Nitrogen Content of the Right Lung Per Sg. Be. of Body Surface in 
the Control Rats without Lung Excision and in the Experimental 
Rats Whose Left Lung Had Been Excised. 


First controls: no operation 

Second controls: 
left lung exposed 

Experimental: 
left lung excised 

Difference between 
second control 
and experimentol rats 

Right lungN* 

Right lung Ni 

Right lung Ni 

Control = 100 percent 

mg. Per sq.dm. 

mg. per sqdm- 

mg. per sqJm. 

Per cent 

4.64 

4.91 

6.72 

+36.9 

3.96 

4.05 

6.31 

+55.8 

3.75 

4.05 

6.28 

+55.1 

3.65 

4.00 

6.27 

+56.8 

3.38 

3.86 

6.15 

+59.4 

3.23 

3.81 

5.82 

+52.8 

3.15 

3.78 

5.18 

+37.0 

3.08 

3.64 

5.04 

+38.5 

2.98 

3.61 

4.78 

+32.5 


3.58 

4.58 

+28.0 


3.43 

4.55 

+32.6 


3.41 

4.36 

+27.9 

Average. .3.5 

3.8 

5.5 

+43 


body surface. When the operated control and experimental results 
are arranged in order of magnitude and compared individually there 
is in every instance a marked increase in the N» of the one lung rats. 
The average increase is 45 per cent when the N- is given in absolute 
terms and 43 per cent when it is expressed relatively to body surface. 


CONCLUSION. 

In the albino rat the removal of the left lung, which constitutes 
about one-third of the total lung tissue, is followed by an average 
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increase of more than 40 per cent in the mass of the remaining lung, 
as estimated from the nitrogen content of the almost blood-free tissue. 
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THE PRECIPITIN REACTION OE ANTIPNEUMOCOCCUS 

SERA* 

I. The Precipitin Index. 

By HARRY SOBOTKA, Ph.D., and MAE FRIEDLANDER. 

(From the Department of Bacteriology, Nov York University and Bellevue Medical- 

College, Nerd! York.) 

(Received for publication, September 2, 1927.) 

The study of the precipitating reaction between antipneumococcus 
sera and the soluble specific substance derived from the three fixed 
types of Diplococcus pneumonias promises a quantitative method for 
measuring the antibodies present in antipneumococcus sera. The 
relative simplicity in the chemical composition of one of the constit- 
uents, namely the soluble specific carbohydrate, paves the way for 
making this immunological phenomenon better understood. 

There is little doubt that the mutual compensation of electrical 
charges between two reacting colloids causes the phenomenon of pre- 
cipitation (1,2). So far colloidal chemistry offers an explanation for 
the mechanism of the reaction but not for the cause of its specificity 
toward that part of the colloidal serum constituents commonly known 
as antibodies. Avery, Heidelberger, and Goebel (3) demonstrated 
that the type specificity of the antigen is accounted for by distinct 
differences in chemical composition between the soluble specific sub- 
stance of the three fixed types. The carbohydrates with their varia- 
bility of configuration are apt to cause great physiological specificity, 
c.g. in the enzymatic hydrolysis of saccharides. 

On the other hand, the knowledge of the chemical nature or even of 
the concentration of the active specific principle of the other partici- 
pant, the antibody, is so obscure that a differentiation of types from 
this angle seems futile at the present time. 

Wc endeavored to establish mathematical laws for the precipitin 

• This investigation was carried out by means of the Lucius N. Littauer Fund 
for Pneumonia Research. 
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reaction in the various types of pneumonia and thus from the dynam- 
ics of the specific reaction itself to obtain information concerning 
specificity. 

When one adds various dilutions of antigen (precipitinogen ) 1 to a 
constant dilution of antibody (precipitin) precipitation occurs until a 
certain dilution of antigen is reached. In the same way, when varying 
dilutions of antibody (precipitin) are added to a constant dilution of 
antigen (precipitinogen) precipitation occurs until a certain dilution of 
antibody is reached. The results of these reactions may be tabulated 
in charts as in Table I. 


table r. 



The sensitivity of this precipitation, as determined by the last plus 
sign (positive precipitation) in any horizontal or vertical row, may be 
computed by multiplication of the concentration of the soluble specific 
substance by the concentration of the antibody. Where the antibody 
concentration is increased the antigen may be proportionally de- 
creased and still give a positive reaction; an eightfold dilution of an 
antibody solution, for example, requires an eight times greater concen- 
tration of the antigen to give precipitation compared with the antigen 

1 The terms “antigen” and “precipitinogen” are used in the following in the 
sense of a chemical reagent; no implication is made as to immunizing action (4). 
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concentration necessary to precipitate the original antibody solution. 
The mathematical expression for this inverse proportionality is the 
constancy of the above product -which can be verified for the wide range 
of serum dilutions from 1: 5 to 1 : 500. The product is constant within 
this range just like the so called “solubility product” in the case of 
inorganic ions forming insoluble compounds. An “ionic product” can 
be calculated for a mixture of solutions containing barium ions and 
sulfate ions by multiplying the concentration of the two. When this 
surpasses a certain value, commonly termed the solubility product, 
more barium sulfate is formed than can be kept in a dissolved state and 
precipitation occurs. The mathematical law for the appearance of 
the insoluble precipitate as observed in this example may be com- 
pared, to a certain extent, to that applying to the appearance of in- 
soluble precipitate when antiserum is added to antigen. The mecha- 
nismof this combinationisdifferent from the barium sulfate formation 
in so far as the composition of the precipitated compounds is not con- 
stant as to the amounts of the two constituents. Colloidal reactions 
are not stoichiometrical and precipitates vary as to their composition 
as indicated by their different gross appearance. When the serum is in 
excess a voluminous precipitate is formed consisting of many very fine 
particles which stay in suspension for some time after shaking. On 
the other hand an excess of soluble specific carbohydrate will cause a 
precipitation of larger individual flakes which settle to the bottom 
more readily and stick together. 

By testing the supernatants it may be shown that an excess of sol- 
uble specific substance removes the antibody beyond the point where 
it can be detected, but an excess of antibody fails to remove the soluble 
substance to this extent (see Table VIII, page 69) (12,13,14). 

Absolute values for the solubility products of the specific precipi- 
tates cannot be given because the absolute value for one constituent 
only can be inserted. The soluble specific substance has a constant 
chemical composition which in pure state exhibits constant immuno- 
logical activity. It maybe used as a reproducible standard in evaluat- 
ing the relative concentration of the antibody which is measured by 
the sensitivity of the precipitation with the former at maximum 
dilutions. The absolute concentration and activity of the antibody, 
however, arc still unknown because it has not as yet been demonstrated 
free from other components of the serum. 
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It seems practical to substitute the exceedingly small values of the 
solubility product by their reciprocals. These are computed by multi- 
plying the dilutions instead of the concentrations. As these figures 
were higher than a million their one-millionth part was used as the 
Precipitin Index. If this index were constant throughout each test it 
would be sufficient to look for it in one dilution of one constituent and 
to vary only the dilution of the other one. Different factors, however, 
bring about irregularities in the precipitin reaction. 

As precipitation according to the accepted assumption is due to the 
mutual compensation of the electrical charges of a positive and a nega- 
tive colloid, a large excess of either one is able to keep the colloid of 
opposite charge in solution. On this account a considerable amount 
of either antigen or antibody will fail to precipitate in the presence of 
an excessive concentration of the other. A phenomenon of a similar 
type, usually termed pro-zone, is met with in the agglutination of 
B. typhosus (5) and of Pneumococcus; a high concentration of serum 
fails to cause agglutination with a concentration of antigen which gives 
a positive reaction with lower serum concentrations. The opposite 
phenomenon was described for precipitation in Type II pneumonia by 
Morgan (6), vis. a rather high concentration of soluble specific sub- 
stance did not react with antiserum in its lower concentrations al- 
though the latter did react with smaller amounts of the soluble specific 
substance. We designate this reversed action the post -zone. Zones 
are more frequently observed in Type III than in Type I. 

Consideration of the ratio between soluble specific substance and 
serum reveals that the pro-zone occurs in the test-tubes where this 
proportion ranges between 80,000 and 320,000 for Type III and be- 
tween 300,000 and 1,600,000 for Type I. A similar figure can be de- 
rived for the post-zone ranging between 1,250 and 6,250 for Type III 
and between 400 and 2,400 for Type I. Although both the pro-zone 
and post-zone do not appear in all sera, we are able, however, to ob- 
serve both zones in the same serum. In such cases the diagram sug- 
gests a certain zone of positive precipitation between the limits given 
in the above figures. 

The quotients sss dilution / serum dilution or serum concentration/ 
sss concentration for the post-zone in Types I and III are about one- 
tenth of the corresponding values for the point at which the antibody 
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is entirely removed by precipitation (c/. Table VLLL). A ten times 
greater amount of antigen than is necessary to precipitate one unit of 
antibody is required to keep it in solution. 

The absolute concentration of antibody in serum is unkn own Ten- 

tatively let us assume that the concentration of the precipitin anti- 


Decreasing concentration 
Increasing dilution 


of soluble specific substance 



Pro-zone 
accentuated by , 
increased ^ or by 
pH / addition 
, X / of non- 
, y specific 

' ' serum con- 

stituents 


Diagonals rising to the left (a = 135°) 
signify constant quotients 

Antibody concentrati on 
Specific carbohydrate concentration 

Diagonals rising to the right ( a = 45') 
indicate constant products antibody 
concentration X specific carbohy- 
drate concentration, thus constant 
precipitin index 


Fig. 1 . 

i h „? Cnim is 1 in 20 ' 00 °; : thcn ‘he quotients antibody/sss 
attain 1/20,000 of the values antiscrum/sss given above as character- 

' According to a private communication from Dr. F M Huntoon i 

r* r 1 ao ' s -«-»>' ««< 

the usual antipncumococcus sera. h -ntiDod> in 



62 


ANTIPNEUMOCOCCUS SERA. I 


istic of the two limiting zones. Hence for Type I the compound is in- 
soluble between the limits of 15 to 80 parts antibody to 1 part sss on 
the one side, and of 1 part antibody to 8 to 50 parts sss on the other. 
For Type III the compound is insoluble in a fourfold to sixteenfold 
excess of either antibody or specific carbohydrate. 

The range of insolubility in Type III seems from the above figures 
to be limited to a much narrower variation in the proportion of pre- 
cipitin to precipitinogen than in Type I. In Morgan’s experiment 


TABLE II. 


Ratio 


Concentration of Antiserum 
Concentration of sss 


for 


Pro- and Post-Zones. 


Zone and 
type 

Range of variation 

Extreme values 

Number of 
abserva- 

Average 

Lowest 

Highest 

tions 

quotient 

Pro I 

320,000-1,600,000 

200,000 

215,000 

3,200,000 

13 

900,000 

Post I 

400-2,350 

400 

1 

5,000 

11 

1,500 

Pro III 

80,000-320,000 

i 

50.000 

60.000 

i 

2.560.000 

1.280.000 

960.000 

640.000 (twice) 

450.000 

26 

(18) 

- 

350,000 

(210,000) 

Post III 

1,250-6,250 

1,000 

40.000 

20.000 

10,000 


6,000 

(3,000) 


with Type II the figures indicate that this variation lies between I and 
III. These differences are partially if not entirely due to the differ- 
ences in acid equivalents of the soluble specific substances. The quo- 
tient antibody / sss for the post-zone in Type III is three times that in 
Type I. In other words it requires one-third the excess of soluble 
specific substance III than I to prevent the homologous precipitation. 
According to their acid equivalents — 340 for Type III and at least 
600 for Type I — these solutions are about equimolecular. 3 Similar 

3 A report of experiments on the equivalent weight of soluble specific substance, 
Type I, will be given in another place. 
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considerations cannot yet be applied to the antibody because of the 
presence of a non-specific factor in the serum. Whether this factor 
whose manifestations will be discussed in the following paragraphs is 
an independent fraction of the serum globulin or associated with the 
antibody proper is a problem for future investigation. 

Addition of Non-Specific Serum Fraction ( cf . 7) .—The antigenic solu- 
ble substance constitutes only a small fraction of the precipitate which 
by itself is only a fraction of the total solids present in the reacting 
fluids. By far the greater part of the precipitate originates in the 
serum. It is difficult to imagine that this overwhelming portion should 
be endowed with as high a degree of specificity per unit of weight as is 
the specific carbohydrate, unless a single specific group of the antibody 
is associated with a large protein molecule ; in other words the antibody 
equivalent is very high. The following facts suggest that the asso- 
ciation between the antibody proper and its protein carrier can be 
broken without irreversible inactivation of the antibody group: refined 
fractions obtained from antisera by the ammonium sulfate methods 
and containing the full amount of protective antibody, as proven by 
injection into the blood stream, at times do not show the precipitin 
reaction. This ability could be restored in some of our experiments by 
addition of normal serum. 

A similar though less striking eflect was observed with other purified 
antibody solutions and several original antisera, where, by the addi- 
tion of normal serum as well as of the globulin fractions of normal 
serum or heterologous antisera, an inconspicuous precipitin reaction 
was increased as to its amount and as to its extent in the series of dilu- 
tions. Another general observation points to the complex nature of 
the antibody: the disappearance of the precipitin reaction in serum 
concentrations of 1 to 500 and below compared with the high sensi- 
tivity for low antigen concentration may be explained by the multi- 
molecular character of the reaction on the part of the serum. 

In Serum 32, Type I, the addition of normal horse serum increased 
the sensitivity when the concentration of antibody was low, but it 
reduced the sensitivity causing a pro-zone when the concentration of 
the antiserum was high (Table III). 

A general increase of the precipitin indices upon addition of normal 
scrum to Scrum 6S, Type I, is recorded in Table TV. 
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TABLE III. 

Precipitation of Antipncumococcus Scrum from Horse 32, Type I. 
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An experiment tending to confirm the significance of this factor is 
the dominance of the pro-zone when two sera, only one of which shows 
a pro-zone, were used in a mixture of equal amounts. The result as 
given in Table V was not an average as one might expect, but practi- 
cally the same as in the serum with the pro-zone. The significance of 
this frequently occurring condition upon the testing of pooled serum 
and similar mixtures is obvious. 

The influence of buffers on the sensitivity and on the zonal phenom- 
ena of the precipitin test was investigated ( cf .6,8). Of course, serum 
itself is a buffer. The pH of a serum buffer mixture will as a rule be 
found between the pH of the buffer and the pH of the serum. The 
value will approach the more concentrated and better buffer of the two. 


table rv. 

Prccipilin Indices for Scrum 68, Type I, with and without Addition of 10 Per Cent 

Normal Horse Serum. 


Dilution of antiserum 

Precipitin index 

With 10 per cent normal serum 

Without 10 per cent normal serum 

to 

60 

<20 

20 

80 

<40 

40 

320 

80 

80 

320 

160 

100 

480 

640 

320 

960 

480 


In a special experiment the influence of the specific precipitation on 
the pH of the serum was determined. As expected from the minute 
amount of precipitate (see page 63), it was found either constant or 
showed slight and irregular changes only. 4 

The following conclusions were drawn. Phosphates outside the 
natural range of reaction impair the sensitivity; citrate in the range 
used in our experiments docs not act in this way. The same t}q>e of 
buffer at different pH causes the pro-zone to disappear and the post- 
zone to appear when going to the acid side. The development of a 
post-zone renders the reaction less sensitive. Although the actual 

4 E. F. Ilirsch (9) observed slight changes to the alkaline side in a rabbit anti- 
sheep precipitin system. 
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changes in pH are slight, they increased the power of the soluble speci- 
fic substance to keep the antibody in solution, thus causing a post-zone. 
This can be attributed to the fact that the dissociation of the acid sol- 
uble carbohydrate is increased toward low pH making it possible to 
reach more readily an excess of the specifically active anions. When 
the reaction approaches the alkaline side, formation of electropositive 

TABLE V. 


Precipitin Test of Two Type III Sera, 125 and 126 and of Their Mixture. 



For parenthesized figures see Table VI of following paper. 


ions from the antibody which probably has an ampholytic nature (10) 
is increased thus accounting for the more prompt appearance of a pro- 
zone by overcompensation of the negative charges of the anions of the 
soluble specific substance. 

Practical applications of these facts are treated in the succeeding 
paper. 
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EXPERIMENTAL PART. 

The antigenic material employed in our tests consisted of the type specific 
soluble substances prepared from broth cultures of pneumococci and purified by 


table vi. 


Precipitin Index of Antipneumococcus Serum 32, Type I, from Test Recorded 

in Table I. 


Dilution of serum 

Greatest dilution of sss giving 
a 4- (or a) precipitation 

Precipitin index by multiplication 
of corresponding 
serum and sss dilutions 

10 

millions 

102.4 

1024 


20 

102.4 

2048 


30 

76.8 

2304 


40 

51.2 

2048 


60 

25.6 

1536 


80 

(25.6) 

1792 

-1722 

120 

12.8 

1536 

160 

12.8 

2048 


200 

6.4 

1280 


240 

6.4 

1536 


320 

(6.4) 

1536 


400 

3.2 

1280 


480 

<0.4 

<192 


Dilution of sss 

Greatest dilution of serum giving 
a 4 - (or =fc) precipitation 



millions 




0.8 

400 

320 


1.6 

400 

640 


3.2 

400 

1280' 


6.4 

(320) 

1792 


12.8 

160 

2048 


19.2 

80 

1536 


25.6 

(80) 

1792 

>1820 

38.4 

40 

1536 


51.2 

40 

2048 


76.8 

30 

2304 


102.4 

20 

2048 


153.6 

<10 

| <1536 


repented precipitations; their ash was less than 0.5 per cent, the nitrogen of the 
7 ype I substance was 4 .5 per cent by Kjcldahl. 

Dilutions were made ranging from 1:250,000 to 1:150,000,000 in the case of 
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Type I and from 1 : 100,000 to 1 : 50,000,000 with Type III. The increase in the 
magnitude of these solutions was in geometric progression with an increment of 
2, or 3/2 and 4/3 alternatingly. 

The sera used were thoroughly centrifugalized at 2,000 to 2,400 revolutions 
per minute for 1 hour and the supernatant filtered before making up the dilutions. 
It was necessary to take these precautions because in many of the sera a sediment 
occurs which might easily be mistaken for a positive “thread” reaction. Normal 
serum, too, before centrifugalization gave what seemed to be positive results. 
Controls consisted of various dilutions of serum in physiological salt solution. 
Wherever these were not negative the test was discarded. 

TABLE VII. 



Average 725 


For A and B see Table XII. 

Series of twelve tubes (2-J by § inches) were arranged- in racks and marked with 
the figures of the increasing dilutions of the soluble specific substance of which 0.5 
cc. was used. To each was added 0.5 cc. of the dilution of the serum. Thus each 
rack contained tubes with varying concentrations of soluble specific substance and 
a constant concentration of serum. These, together with controls, were placed 
in a water bath with 37°C. for 2 hours and then put into the ice box until the 
following morning when the reactions were read and recorded. 

If a flaky precipitate was not visible at first the tubes were spun for a thread 
reaction. The use of + + , + + + , etc. was discarded because it is impossible to 
indicate from the appearance of the precipitate the quantity actually present 
(6, 11). Doubtful tubes were recorded by the sign =fc. 

The method of calculating is illustrated in Table VI. The last dilution of the 
soluble specific substance giving a + reaction was multiplied by the serum dilution 
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used in this particular test (rack). If the last reaction is doubtful such ± reac- 
tions are recorded in the tables by parenthesized figures the average value be- 
tween it and the decidedly positive reaction to its left was inserted. Similar 
figures were obtained when the limit of sensitivity was taken from the vertical 
rows of equal sss concentration instead of the horizontal. An average was taken 
over the range of high sensitivity thus eliminating zonal effects. 

In Table I and in Table VI antiserum from Horse 32, Type I, was 
used. The precipitin index — p.i. — from the horizontal rows was 


table vm. 

Precipitin and Precipitinogen in Supernatants of Precipitates from Polyvalent 
Antipneumococcus Serum 3335 with Soluble Specific Carbohydrates of 
Types I and III. 


Precipitate formed from 
dilution of 


To corresponding supernatant added equal amount of 


Dilution of sss (millions) 


Dilution of 
serum 


Scrum 

sss I 



0.125 

0.25 

0.5 

1 

2 

4 

s 

16 |l 10 

20 

40 

2.5 

4,000,000 



4 

4 

4- 

t 

+ 

+ 

4 

dr 

- u 

~ 

_ 

5 

2,000,000 



+ 

+ 

4- 

+ 

+ 

dr 

— 

— !' dr 

-4- 

— 

10 

1,000,000 



+ 

+ 

4- 

+ 

dr 

— 

— 

- \ + 

4- 

-X- 

20 

500,000 



+ 

4- 

+ 

-4- 

— 

— 

— 

- ? + 

+ 

— 

40 

250,000 



— 

— 

— 

~ 


— 

— 

- ! + 

4 

+ 


sss ni 

0.025 

0.05 

0.1 

0.2 

0.4 

o.s 

1.6 

3.2 

6.4 

12.8 J 



2.5 

800,000 

+ 

+ 

4- 

4 

+ 

+ 

+ 

4 

+ 

± f * ± 

-X- 

— 

5 

400,000 

+ 

4- 

4- 

+ 

+ 

+ 

+ 

4 

+ 

~ i + 

dr 

4- 

10 

200,000 

- 

- 

— 

— 

— 

— 

— 

— 

— 

+ 

4- 

20 

100,000 

~ 

- 

— 

— 

— 

— 

— 

— 

— 

“ i 4 

+ 

+ 

40 

50,000 

~ 

— 

— 

— 

— 

— 

— 

— 

— 

- ; + 

4- 

4- 


1 ,720, from the vertical rows 1,820. As a rule the p.i. was computed 
from the horizontal rows. 

Table VII is another very regular test in which Antiserum 90, Type 
I, was used with a resulting p.i. of 725. 

Scrum 3335, a polyvalent serum obtained from a horse immunized 
against all three types of pneumonia gave regular results and was used 
to obtain approximate information as to the equivalence of the two 
reagents. 

10 cc. of serum in concentrations of 2 \ , 5, 10. 20, and 40 per cent were 
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mixed with 10 cc. of soluble specific substance Type I in dilutions of 
4, 2, 1, -?>, :} million respectively. Another series with the same serum 
dilutions were made with soluble specific carbohydrate Type III in 
dilutions of 800,000, 400,000, 200,000, 100,000, and 50,000. The 
precipitates were centrifugalized after the usual incubation and the 
supernatants tested for remaining antibody or antigen. In the first 
four supernatants of the experiments with Type I where the serum 

TABLE IX. 


Examples for Pro-Zone and Posl-Zone of Precipitation with Antisera from 

Type III Horses. 


No. and 
dilution of 

Dilution of soluble specific substance 

Quotient 

Scrum 





Millions 




sss 

scrum 












0.2 

0.4 

0.8 

1.2 

1.6 

3.2 

m 

m 


For pro-rone 

(o)No.302 







m 




20 

+ 

+ 

+ 

+ 

+ 

— 

■ 



80,000 

40 

4* 

+ 

+ 

+ 

“J" 

+ 

1 



80,000 

SO 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

_ 

SO, 000 

160 

320 

+ 

+ 

+ 

+ 

+ 

+ 

zb 

: 


: 





Thousands 















For post-zone 


24 

32 

40 

48 

64 

96 

128 

256 

512 

(MNo.127 











20 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

40 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

60 



zfc 


+ 

+ 

+ 

+ 

+ 

667 

80 


-r'M 


■ 


+ 

+ 

+ 

+ 

800 

120 


i 


I 

1119 

Sifl 

+ 

+ 

mm 

S00 

160 


■ 


1 

H 

91 

H9 

K9 

■ 

— 


concentration was 25,000 or more times that of the soluble specific 
substance and in the first two supernatants of the Type III series where 
this excess was 80,000 fold, antibody was present. The subsequent 
combinations with a serum/sss quotient of 6,250 for Type I and 20,000 
for Type III did not contain detectible amounts of antibody. 0 

An analogous experiment was performed, testing the supernatant 

6 Morgan (6) gives a ratio 1:10,000 to 1:20,000 soluble specific substance: 
antiserum for maximum precipitation in the Type II sj'stem. 
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•with the original serum. Only those supernatants found free from 
antibody gave a considerable reaction ■with soluble specific substance; 
the others revealed the presence of slight amounts of non-precipitated 
antigenic substance by a faint reaction (12, 13, 14). 

The ten original precipitates -were resuspended in physiological salt 
solution and combined •with undiluted serum or 0.1 per cent soluble 
specific substance. Some of the precipitates changed their appearance 
but none redissolved. 

Table IX (a) gives a pro-zone for pooled Serum 302, Type III, the 
zone being characterized by a serum/sss quotient of 80,000. An ex- 


TABLE X. 


Precipitin Test of Antibody Preparation 102, Type I, unth Soluble Specific Substance 
in Dilutions 0.4, 0.8, 1.6, 3.2, 6.4, 12.8, 25.6, 38.4, 512, 102.4 
Million, in Presence of 10 Per Cent Normal Horse Serum. 





Quotient 

Dilution of preparation 

Greatest dilution of sss 
giving + (or =*) reaction 

Precipitin index 

Scrum 




sss 


rziUions 


fro-tonc 

80 

(SI -2) 

; 3584 

560,000 

120 

25.6 

3072 

215,000 

160 

51.2 

8192 


320,000 

200 

51.2 

10,240 


240 

(51.2) 

9216 



320 

25.6 

8192 

■7170 


400 

(12.8) 

38401 


480 

12.8 

6144 

1 


600 

6.4 

3840 



800 

(12.8) 

7680 



1200 

(1.6) 

1440 



pcriment for the post-zone phenomenon is given in Table IX ( b ) 
carried out with Serum 127 , Type III, against the homologous specific 
substance. The simultaneous occurrence of a post-zone (serum/sss 
= 3,750) and a pro-zone (serum/sss = 960,000) are shown in Table 
XIV (a) (page 75). 

Preparation 102 from pooled antisera Type I precipitated in the 
presence of 10 per cent normal horse serum as shown in Table X. 
W ithout this addition it did not exhibit any precipitin power at all. 
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The precipitation as a whole was not very strong but reached high dilu- 
tion. There is no doubt as to the existence of a pro-zone. Table III, 
for which the numerical values of the p.i. are given in Table XI pre- 
sents the influence of normal serum on Antiserum 32; its sensitivity 
is increased and a pro-zone with a serum/sss of 600,000 and 800,000 


TABLE XI. 


Precipitin Test of Antiserum 32, Type I, Same Sample as Recorded in Tabic III. 

(A) With Addition of JO Per Cent Normal Horse Scrum. 

(B) Without This Addition. 


Dilution 

of 

antiserum 

Greatest dilution of 
sss giving + 

Precipitin index 

Quotient 

Serum 

SSS 


(A) 

(B) 

(4) 

(B) 

M) 

(B) 

20 

(38.4) 

102.4 

640 

2048 

1,600,000 


40 

(38.4) 

(51.2) 

12S0 

1792 

S00,000 


60 

38.4 

38.4 

2304 

2304 

640,000 


80 

(38.4) 

25.6 

2560 

204S 



too 

25.6 

(25.6) 

2560 

1920 



120 

(25.6) 

(25.6) 

2304 

2304 



160 

12. S 

12.8 

2048 

2048 



200 

12.8 

12.8 

2560 

2560 



240 

I (12.8) 

12.8 

2304 

3072 



280 

' (12.8) 

6.4 

2688 

1792 



320 

6.4 

6.4 1.6 

2048 

2048 


5000 

400 

(12. S) 

<0.4 

3840 

<160 



480 

6.4 


3072 




600 

(6.4) 


2880 




800 

6.4 1.6 


5120 


2,000 


1200 

3.2 0.8 


3840 


667 


2400 

<0.04 


<96 





The underscored bold faced figures give greatest dilution of sss giving -reaction 


in post-zone. 


is produced. Another example is given in Table IV, page 65, 
showing the influence of 10 per cent normal horse serum on Type I 
Antiserum 68. 

The influence of buffers on the actual pH of Type I Antiserum 90 
was measured potentiometrically and it was found that the deviations 
from the pH of the buffer itself are smaller in the range where the buffer 
has the highest buffer value (15). For the same buffer mixture a 
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smaller deviation was caused by the addition of 5 per cent serum than 
of 40 per cent serum. 

Precipitation of these mixtures with soluble specific substance using 


table xn. • 

pH of Mixtures of Equal Amounts of Buffers and Serum 90, Type I, and Influence 
of Precipitation upon pH of Buffered Scrum for Combina- 
tions Marled A and B in Table VII. 


pH by potentiometric determination 


Buffer 

Buffer alone 

_ Serum 
dilution 2.5 

A 

Serum dilu- 
tion 5 

sss dilution 

4 million 

Serum 
dilution 10 

B 

[ Serum dilu- 
tion 20 

1 sss dilution 

1 million 

Phosphates (M/15) 






Primary 

Second ary 






10.0 

0.0 

4.56 

6.23 

6.19 

5.68 

— 

9.5 

0.5 

, 5.53 

6.37 

6.37 

— 

— 

9.0 

1.0 

5.83 

6.27 

— 

6.02 

5.92 

7.0 

3.0 

6.38 

i 6.71 

6.57 

6.43 

1 6.39 

4.0 

6.0 

6.91 

7.08 

7.17 

6.89 

6.90 

1.5 

8.5 

7.46 

7.55 

7.61 

7.42 

1 7.24 

0.5 

9.5 

7.88 

7.88 

7.60 

7.60 

7.33 

Citrate NaOH (n/10) 






10.0 

0.0 

4.92 

5.20 

5.30 

4.98 

4.97 

8.0 

2.0 

5.35 

5.72 

5.77 

5.37 

5.42 

0.0 

4.0 

5.98 

6.72 

7.05 

6.24 

6.24 

Borate (n/10) 

9.10 

- 

- 

9.00 

- 

Scrum 90 


Undiluted 



{7.66 




7.72 

— 

- 

\7.58 

- 


Precipitates in phosphate mixtures more voluminous, v.'ith citrate “10.0” 
very slight. 


a dilution of 4 million for scrum dilution 2.5 and 1 million for serum 
dilution 20 caused slight variations as given in Table XII. 

If a certain phosphate mixture is added to varying concentrations 
of scrum the pH for low scrum concentration will approach the original 
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TABLE XIII. 

Influence of Phosphate Buffers upon Precipitin Test of Antipncumococcus Scrum 

3534 , Type III. {a) 

Greatest dilutions of soluble specific substance III giving + (or ±) precipita- 
tion, in millions. Dilutions used: 0.3, 0.4, 0.6, 0.S, 1.6, 3.2, 6.4, 12.S, 25.6, 51.2. 


A. Final concentration of phosphate m/ 20 throughout the test 


Dilution of serum 

pH of buffer 

4.6 

5.5 

6.1 

6.8 

■a 


pH of mixture with 
serum dilution 10 

- 

- 

- 

7.13 

7.38 

7.45 

10 


(25.6) 

12. S 

25.6 

(6.4) 

3.2 

3.2 

20 


6.4 

(25.6) 

(6.4)1 

6.4 

3.2 

3.2 

40 


3.2 

6.4 

3.2 

(3.2) 

<0.8 

0.8 

SO 


(3.2) 

1.6 


(3.2) 

<0.2 

<0.2 

160 


<0.2 

<0.2 


<0.2 

— 


80 post- 
zone 

Greatest dilution 
of sss giving — 

O.S 

0.2 


(3.2) 

- 

- 

40 

(or =p) precipi- 
tation 

“ 

" 

""" 

(0.8) 

“ 


Serum , 

for post-zone 

sss 


10,000 



20-40,000 

— 

— 


B. Original scrum diluted with n/4 phosphate 


Dilution 

Concen- 
tration of 
buffer 

pH of buffer 

IB 

5.5 

6.1 

6.8 

(e) 

7.3 

of scrum 

pH of mixture with 
scrum dilution 10 

6.37 

6.50 

6.63 

7.05 

7.53 

5 



25.6 

12.8 

51.2 

12. S 

(12.8) 

10 

n/40 


(25.6) 

12.8 

51.2 

12.8 

12.8 

20 



6.4 

6.4 

(12.8) 

6.4 

6.4 

40 

n/160 


6.4 

6.4 

6.4 

(6.4) 

6.4 

80 

n/320 


1.6 

(3.2) 

(3.2) 

(3.2) 

3.2 

160 

n/640 


(1.6) 

1.6 

(1.6) 

1.6 

3.2 

160 post-zone 

As above 

0.2 


0.4 

(0.2) 

- 

Serum . 



1,250 

, 

2,500 

1,000 

1,920,000 for 

for post-zone 

sss 





pro-zone 


(a) For test of Serum 3534 without buffer see Table XTV (a) . 

(b) , (c) Compare Table XTV (b, c). 
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pH value of the phosphate. If this pH is extreme no reaction takes 
place. This occurred with phosphate buffers of a pH less than 5 .0 and 
more than 6.5 for serum concentrations of 1:40 and below. Even in 
higher serum concentrations alkaline phosphates will impair the sensi- 
tivity, as seen in Table XIII, A, which gives the effect of phosphates 
upon precipitation of Serum 3534, Type IH. 

TABLE XIV. 


Influence of Hydrogen Ion Concentration on Precipitin Reaction of Type III 

Serum 3534. 



The pH can, however, he maintained constant in a test by diluting 
the buffer parallel to the serum. Thus, in Table XIII, B, where the 
original scrum is diluted after addition of 1 N phosphates even the 
slight variations in the resulting acidity show pronounced effects on the 
diagram. The sensitivity of the reaction was increased toward the 
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alkaline side and at the same time a post-zone characteristic of the 
serum disappeared. On the acid side a higher sensitivity in the greater 
serum concentrations suppressed the pro-zone. 

When using citrate of pH 5.0 a post-zone appeared and the sensitivity 
increased for a Type III serum as compared with a control without any 
buffer or with serum phosphate mixture more alkaline than the citrate. 


table xv. 

Influence of Bitflcrs on the Precipitin Reaction between A ntiscrum 125, Type III, and 
Homologous Soluble Specific Substance. 

Dilutions of sss: 50,000; 100,000; 200,000; 400,000; 800,000; 1,600,000; 
2,400,0 00; 3,200,000; 4 ,800,000. Figures in table are “greatest dilutions”in 
thousands. 



Buffers used with final concentration and pH 


Dilution of 
scrum 

Citrate n/20 

Phosphate m/30 

Borate 

n/20 

Without 

buffer 


5.0 

6.0 

7.0 

8.0 



5 

1600 

1600 

1600 



■ 

■ 

10 

1600 

1600 

16O0 

a 

jjjf ’’.if 

■ 


20 

1200 Post-zone 

2400 

(4S00) 

1 



■ 

40 

800 200 

800 

(1600) 

1 


soo 

: 

60 

(800) 200 

<200 

800 



(200) 

9 

100 

1200 400 


<200 


1 

— 


160 

<200 

— 

~ 


1 

— 


Quotient 

Serum 

sss 

Post-zone 5000 

3333 

4000 

Pro-zone 320,000 

160,000 

- 

160,000 


The underscored bold faced figures indicate zonal phenomena. 


The action of citrate on Serum 170, Type I, is shown in Table XVI. 
When using this buffer a pro-zone was observed on the alkaline side. 
The post-zone was moved towards lower serum and higher soluble 
specific substance concentrations, the quotient serum/sss shifting 
from 2,350 to 400 for pH 6.0; in other words the ability of the soluble 
specific substance to keep the compound unprecipitated decreases to- 
wards alkaline reaction. 
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SUMMARY. 

The mechanism of the precipitin reaction between antipneumococcus 
sera and the type-specific soluble carbohydrate is investigated. The 
sensitivity of the reaction is found to be generally constant when ex- 
pressed by the product of the concentrations of the two reacting sub- 
stances. Precipitin index (b.i.) is defined as one-millionth of the 
reciprocal value of this product. 

TABLE XVI. 

Influence of Citrate Buffers on Precipitation of Scrum 170, Type I. 


For precipitation without buffer see Table VII. 

sssl dilutions: 1/16, 1/8, 1/4, 1/2, 1, 2, 4, 8, 16, 24, 32, 64 million. 


Dilution of 

Greatest dilution of sss showing *r (or =t=) reaction 
(For post-zone: — (or =r) reaction) 


pH 

4.7 

5.0 

5J 

5.7 

6.0 

5 


64 

(64) 

64 

16 

16 

10 


64 

(32) 

(32) 

16 

(24) 

20 


24 

16 

24 

16 

12 

40 


16 

(16) 

(12) 

24 

12 

80 


8 (1/4) 

8 

(8) 

(8) 

8 

160 


8 1/4 

(8) (1/4) 

4 1/4 

4 

(4) 

240 


<1/16 

<1/16 

<1/16 

1 (1/8) 

2 1/8 

320 



~ 1 

— 

1 0/4) 

(1) 1/8 

Quotient 

Pro-zone 

_ 

— 

— ' 

3,200,000 


Scrum 






3,200,000 

sss 





jKgsggll 



Post-zone 

2330 

1150 

1550 

400 

500 



1550 



600 

400 


For explanation of underscored bold faced figures see Table XI. 


Zonal phenomena and their bearing on the absolute concentration 
and the equivalent weight of the antibody are discussed. The greater 
tendency towards exhibition of a post-zone in Type III is connected 
with the lower acid equivalent of the homologous specific carbo- 
hydrate. 

The influence of the addition of normal serum and the influence of 
slight changes in pH arc studied. The addition of normal serum as 
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well as the increase in pH promote the pro-zone, whereas decrease in 
pH promotes the post-zone. The sensitivity of the reaction is accord- 
ingly influenced by the pH in different ways depending on the range of 
concentration. 

The precipitin index allows the recognition and elimination of zonal 
irregularities. Thus it offers a method for the standardization of 
pneumonia antibody. 


BIBLIOGRAPHY. 

1. Biltz, W., Bcr. chew. Gcs., 1904, xxxvii, 1095. 

2. Hirsch, E. F., J. Infect. Dis., 1923, xxxii, 441. 

3. For further references see Heidelberger, M., Chen t. Rev., 1927, jii, 403. 

4. Krumwiede, C., and Cooper, G. M., /. Immunol., 1920, v, 547. 

5. Zinsser, H., Infection and resistance, New York, 1919, 221, 236. 

6. Morgan, H. J., J. Immunol., 1923, viii, 449. 

7. Downs, C. M., and Goodner, K., J. Infect. Dis., 1926, xxxviii, 240. 

8. Mason, V. R., Bull. Johns Hopkins Hosp., 1922, xxxiii, 116. 

9. Hirsch, E. F., J. Infect. Dis., 1922, xxx, 666. 

10. Ottenberg, R., and Stenbuck, F. A., J. Gen. Physiol., 1925-26, ix, 345. 

11. Dean, H. R., and Webb, R. A., J. Path, and Bacl., 1926, xxix, 473. 

12. Zinsser, H., and Young, S. W., J. Exp. Med., 1913, xvii, 396. 

13. Opie, E. L., /. Immunol., 1923, viii, 19. 

14. Parker, J. T., J. Immunol., 1923, viii, 223. 

15. Van Slyke, D. D., /. Biol. Client., 1922, lii, 525. 



the precipitin reaction of antipneumococcus 

SERA * 

II. The Ratio or Precipitin to Protective Antibody 

By MAE FRIEDLANDER.i HARRY SOBOTKA, Ph.D., act EDWIN J. 
BANZHAF, Ph.D. 

{From the Department of Bacteriology, New York University and Bellevue Medical 
College, and the Research Laboratory, Department of 
Health, New York.) 

(Received for publication, September 2, 1927.) 

In the diagnosis of infectious disease precipitin and agglutinin reac- 
tions have assisted in the identification of the invading organism, when 
the patient’s serum has been tested with suspected organisms or when 
antigenic material from the patient (1) has been tested against antisera. 

Agglutination has been used also in the quantitative determination 
of the antibody in antityphoid and antimeningococcus sera. For the 
standardization of diphtheria antitoxin Ramon (2; see also reference 3) 
suggested a test-tube method based on the formation of a flocculent 
precipitate when toxin and antitoxin were combined in definite 
proportions. 

The present paper records investigations concerning the parallelism 
of the precipitin with the protective antibody in antipneumococcus 
sera. The quantitative determination of antibody in antipneumococ- 
cus sera is based on the relative reactivity of the precipitin and the 
protective antibody; the question of their identity is not raised. 

Agglutination tests in pneumonia require the use of uniform cul- 
tures; they thus share with the animal protection test the disadvantage 
of possible biological irregularities. Precipitin tests, however, are 
carried out with a reproducible non-cellular antigen of a definite chemi- 
cal composition. 

* This investigation was carried out by means of the Lucius X. Littauer Fund 
for Pneumonia Research. 

f This communication is part of a thesis to be submitted by Mae Fricd- 
landcr in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in Bacteriology at New York University. 
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Method. 

The precipitin indices for a number of antipneumococcus sera and antibody 
preparations were determined by the precipitin tests described in the preceding 
paper. The study of the zonal phenomena permits the elimination of these irregu- 
larities. 

Only the higher values furnished by multiplication of serum and precipitinogen 
dilution were used in calculating the precipitin indices, all individual values smaller 
than one-half of the maximal value were disregarded in estimating the average of 
each test. Precipitin index is a millionth part of the product obtained by mul- 


TABLE I. 

Comparison of Precipitin and Protective Antibodies in Monovalent Type I Sera and 

Antibody Preparations. 


No. of serum 

Precipitin 

index 

Protective 

units 

Ratio 

Reference 

155 

400 

100 

4.0 

Table IX (d) 

47 

560 

200 

2.8 

Table IX id) 

169 

1250 

200-400 

4.1 

Table IV 

90 

700 

200 

3.5 

Table VII preceding paper 

32 

1720 

400 

4.3 

Tables I and VI preceding paper 

32 

m ; 

800 

3.2 

Tables III and XI preceding paper 


KisSlIfll 


3.6 


94 

3840 

SOO 

4.S 

Table IV 

Preparation 






2340 

SOO 

2.9 

Table IV 

102 

7170f 

800 

9.0 

Table X preceding paper 

916 

1920 

200 

9.6 

See page 88 

Average ratio for the first nine 



values 



3.S 



t With addition of 10 per cent normal horse serum. 


tiplying the dilution of the antiserum by the dilution of the antigen. For de- 
tails see the preceding paper. 

The proportions of the corrected precipitin index to the protective 
units of the same antibody solution were compared and an unantici- 
pated constant relation was revealed. 

The quotient precipitin index/protective units for a number 
of monovalent Type I horses ranged between 2.8 and 4.8 with an 
average of 3.7. For some monovalent Type III horses the 
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TABLE II. 


Precipitin and Protective Antibodies in Monovalent Type IJI Sera. 


No of serum 

Precipitin. 

index 

Protects e 
units 

Ratio 

Reference 

125 

160 

4, 8, 10 

16-48 

Table V preceding paper 


192 


: 

Table V 

126 

220 

4 

34-55 

Table V preceding paper 


135 



Table V 

127 

128 

4 

32 

Table V 

128 

85 

4-10 

S-21 

Table V 

302 

575 

10 

58 

Table X 

“A” 

770 

10 

77 

Table X 

“B” 

6150 

80 

77 

Table X 

Average ratio of all values except the 



two last 



34 



TABLE HI. 


Relation between Precipitin Index and Protective Potency for Polyvalent Antisera . 


Horse No 

Duration of 
treatment 

Type I 

Type III 

P. I- 

P. u 

Ratio 

P L 

P. u. | 

Ratio 


may 





HIM 


3079 

28 

■ 

1000 

0 72 

>340 



3180 

28 

1 

500 

1 06 

320 

10 





1000 

0 53 


(20) 


3332 

22 

530 

400 

1 35 

>340 

10 





500 

1 06 


(20) 

(17) 

3335 

1 22 

350 

<500 

>0 70 

>190 

i (8) 

(24) 

3514 

11 

m 

100 

2 0 

72 1 

2 

36 




200 ! 

4 0 


( 4 ) : 

(18) 

3530 

10 

480 

200 

2 4 

256 

10 

26 







(20) 

(13) 

3531 

10 

60 

50 

1 2 

>192 



3635 

6 

240 

50 

2 4 

45 

2 

23 




100 

4 8 




3640 

6 

60 

50 

1 2 

30 



3639 

6 

<40 

50 

<0 S 

50 

2 

25 

. . f upper 4 horses 

Average rauof . , , 

[loner 6 horses 

0 9 

2 3 


24 


The parenthesized figures for protective units in Type III are based on 72 hours 
delay of death rather than on survival over 96 hours; on account of the pro-zone 
familiar in Type III pneumococcus mouse tests no survivals occurred. 
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quotient ranged between the extremes of 8 and 58 with an average 
of 34 (Tables I and II). When comparing these figures with 
those of Type I the almost ten times greater precipitin power 
associated with the protective potency in Type III is striking. 
If we discount this difference by referring the higher precipitin 
index per protective unit in Type III to the higher specific activity 
of equal weights of the precipitinogen rather than of the antibody, 
there is seen to be a similar ratio between precipitin and protective ac- 
tivity of the antisera for the two types investigated. 

For a number of polyvalent horses 1 decidedly lower values for the 
quotient precipitin index/protective units were observed. In Type I 
they ranged between 0.7 and 2.4 with an average of 1.75 and with 
extreme values of 0.53 and 4.8. For Type III in polyvalent horses 
the quotient ranged among the lower values of those given above for 
monovalent sera of this type, the average being 24 (Table III). 

A decrease in precipitin activity was also observed when adding one 
heterologous monovalent serum to an equal amount of another. 

Serum 90, Type I shows a precipitin index of 700 and upon the addition of 
Serum 129, Type II, the precipitin index was only 60. Serum 126, Type III, 
decreased upon addition of No. 129 from 135 to 32. 

If the Type I values of the polyvalent horses were arranged accord- 
ing to the duration of the treatment they could be divided into two 
groups; one comprising four horses under pneumococcus treatment for 
2 years had quotients ranging below 1.35 with an average of 0.9, while 
another group of horses under treatment for no longer than 1 year had 
values above 1.2 with an average of 2.3. 

This observation indicates that the duration of the treatment in- 
fluences the proportion of the two antibody activities. This became 
evident from an experiment on two Type I horses whose immunization 
we observed from the onset. It was found that the quotients for bleed- 
ings after 37 days were about twice as high as those after 11 4 days; 
the protective potencyreached greater values at a slower rate than the 
precipitin. 

When the precipitin test was applied to refined antibody prepara- 

1 Samples of these were supplied through the kindness of Dr. Stanley Beard 
of the Lederle Antitoxin Laboratories, Pearl River, New York. 
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tions the quotients obtained were higher than from the crude sera in 
our experiments. We observed values as high as 9 in Type I and 
above 70 in Type III. There is some doubt whether this difference 
arises during the refining process by a selective fractionation or is . 
simply due to a lesser proportionalism between potency and concen- 
tration in concentrated solutions. 

When making due allowance for the various influences noted and 

TABLE IV. 


Precipitin Test of Antipneumococcus Sera, Type 1, No. 94 and No. 169 and of 
Antibody Preparation “/” Prepared by L. D. Felton’s Procedure (4). 



discussed in the present and in the preceding paper a fairly accurate 
idea of the amount of antibody contained in an antipneumococcus 
serum can be obtained. The determination of the precipitin index 
may replace the slow mouse test in the course of immunizing horses 
as well as during refining processes; for final controls animal tests will 
have to be retained. 
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EXPERIMENTAL PART. 

In the following tables data are collected for several monovalent 
Type I and Type III sera. Some of them like No. 94, Type I, Table 
IV, and No. 125 and No. 127, Type III, Table V, show a pro-zone and 


table v. 



in these instances only the high values obtained from higher serum dilu- 
tions were taken into consideration. Values lower than 50 per cent of 
the highest value in a test are parenthesized and were disregarded. 

In Table VI experimental results for Type I and Type III of ten 
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polyvalent horses, immunized against three types, are given. The 
figures are the dilution products or precipitin indices for the individual 
serum dilutions given in the first column. Pro-zones of more or less 
extent, may be observed in Sera 3079, 3180, 3640 and others for both 
types, in Sera 35 14 and 3530 for Type I, and almost in all sera for serum 
dilution 1:5 for Type III. 


TABLE VI. 

Synopsis of Precipitin Tests of Sera Obtained from Ten Polyralcm Horses ( Types I, 

U,I1I). 

Precipitin indices for single serum dilutions given. Figures in parenthesis 
disregarded in computation of average P r. 


Dilution oi 

Horse No. 

scrum 

3079 | 3U0t | 3332 | 3335f J 3514 j 3530 j 3531 | 3635 | 3640 [ 3639 

Type I 


5 

(80) 

(40) 

_ 

m 


(20) 1 

40 

(120) 

«20) 

Less 

to 

(80) 

(80) 

- 

320 



60 

(80) 

«20) 

than 

20 

(80) 

(160) 

iMUBi 

■ 


(160) 

40 

(40) 

60 


40 

(160) 

320 


H 

(160) 

U60) 

80 

(80) 

60 


80 

480 

640 

I 

. 1 

320 


(<40) 

240 

(<40) 


160 

960 

640 

640 

480 ' 



«80) 

240 

(<80) 






Type HI 




t 

X 

S 

(64) 


— 

>128 

— 

>128 

>128 

32 

(8) 

32 

10 

(64) 

(96) 

- 

192 

— 

>256 

>256 

32 

32 

48 

20 

(48) 

(128) 

— 

>256 

64 

256 

192 

64 

32 

64 

40 

256 

256 

256 

256 

64 

384 

(64) 

«24) 

28 


80 

>256 

192 

>256 

128 

64 

256 

(128) 

(<16) 

«16j 


160 

>512 

>512 

>512 

(96) 

96 

(96) 

'<32 

- 

— 



f sec Table VII. + see Table VIII. 


Examples for both regular and pro-zone sera of each type are given 
in Tables VII and VIII. 

A synopsis of these values is given in Table III, page 81, where the 
precipitin indices as calculated from Table VI are listed in the third and 
sixth columns. The protective units in the fourth and seventh columns 
of Table III, and in the third columns of Tables I and II were obtained 
from mouse tests, carried out according to the government standards 
in the Research Laboratories, Department of Health, City of New 
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TABLE VII. 

Reaction of Soluble Specific Substance Type I with Polyvalent Antipncumococcus 

Sera. 


Scrum 3335 ( Very Regular Test). 


Dilution of 

Dilution of soluble specific substance in millions 

scrum 

o.s 

1 

2 

4 

s 

16 

32 

64 

128 

5 




+ : 

+ 

+ 

i 

+ 

+ 

— 

10 




+ 

+ 

+ 

+ 

— 

— 

20 



+ 

+ 

+ 

+ 

— 

— 


40 



+ 

+ 

+ 

— 

— 

— 


SO 

+ 

+ 

+ 

+ 

— 

— 




120 

+ 

+ 

+ 

rfc 

— 

— 





Scrum 3 ISO ( Pro-Zone Type). 


5 




+ 

+ 

— 





— 

10 




+ 

+ 

~ 

- 

— 

— 

20 



+ 

+ 

+ 

— 

— 

— 


40 



+ 

+ 

+ 

— 

— 

— 


SO 


+ 

+ 

+ 

+ 

— 

— 



120 


+ 

+ 

+ 

— 






TABLE VIII. 


Reaction of Soluble Specific Substance Type III with Polyvalent Antipncumococcus 

Sera. 



Scrum 3640 {Pro-Zone). 


5 




+ 

+ 

— 

— 

- 

10 




+ 

+ 

+ 

— 

— 

20 



+ 

4 “ 

+ 

— 

— 


40 

80 

120 



+ 


— 

— 

— 


- 

- 

1 

- 

[ - 
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table rx. 

Development of Precipitin and Protective Antibodies against Type I Diplococcus 
Pneumonia in Two Dorses. 


Precipitin indices for individual serum dilutions. Duration of 
immunizing treatment. 


Dilution of serum 

(a) 

0 

(b) 

37 

M 

72 

(d) 

114 days 

BBS 

47 

155 

47 

355 

47 

155 

10 


(60) 

(120) 

«40) 

«40) 

(30) 

(160) 

20 


(80) 

160 

(80) 

(40) 

(40) 

(60) 

40 

Nil Nil 

(120) 

240 

(160) 

(80) 

(240) 

(80) 

80 


640 

320 

480 

320 

640 

320 

160 


640 ( <160) 

480 

640 

480 

480 

Average p.i. 


640 

240 

4S0 

480 

560 

400 

Protective units 

Nil Nil 

80-100 

40 

80 

100 

200 

100 

Ratio 

— 

6.4-8. 0 

6.0 

6.0 

4.8 

2.8 

4.0 


TABLE X. 

Precipitin Test of Serum 302, Type III, and of Tuio Globulin Fractions A and JB, 
Concentrated 16 Times and 14 Times Compared with the Original Scrum 302. 


Dilution 1 
of anti- l 
body solu- ‘ 
tion 

Dilution of precipitinogen in million' 

P.L 

0.2 

0.4 

0.8 

1.2 

1.6 

5.2 

4.S 

6.4 

9.6 

12.8 

25.6 

51.2 

No. 302 














20 

+ 

+ 

+ 

+ 

+ 

- 

- 

— 

— 

— 

— 


(32) 

40 

+ 

+ 

+ 

+ 

+ 

+ 

- 


— 

— 



(128) 

80 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 



512 

160 

+ 


+ 

+ 

+ 


-i- 

m 


— 



640 

320 

— 

— 

— 

§9 

— 


B 


~ 

- 

- 


- 

A 



| 









) 


80 

+ 


+ 


+ 

+ 

^ + 


! _ 

— 

— 


(384) 

160 

+ 

"T 

+ 



+ 

m 


- 

- 

— j 

1 

(512) 

320 

+ 

+ j 

+ 


4* 

+ 

B 


— 

— 

— ! 


1024 

480 ! 

“ j 


— 


+ 

— | 

- i 


- 

- 

- 


76S 

B 














160 

+ 

+ 

+ 

+ 

+ 

+ 

4* 

+ 

+ 

"f 

-X- 

a- 

6144 

320 

— 



4- 

+ 

+ 


- 

- 

- 

— 

— 

(1536) 

480 

+ 

+ 


■ 

+ 

+ 

— 

— _ 

— 

— 

— 

- 

(1536) 

A+B 














160 

+ 

+ 

*r 

•f 


+ 

-t. 

+ 

+ 

+ 

+ 

-j- 

Stronger reac- 














tions than B 














alone 
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York, by Miss G. M. Cooper under the direction of Dr. W. H. Park, 
and in the Testing Department of the Lederle Antitoxin Laboratories, 
Pearl River, New York, by Miss F. L. Clapp, to whom we have to ex- 
press our thanks for their kind cooperation. 

The influence of the duration of the treatment on the quotient pre- 
cipitin index/protective power was studied in two monovalent horses, 
No. 47 and No. 155, for which the experimental data are to be found 
in Table IX. The quotients were 6 to 8 after 5 weeks, 4.8 to 6.0 after 
10 weeks and 2.8 to 4.0 after 16 weeks. 2 

Two globulin fractions were obtained by the ammonium sulfate 
method (6) from Serum 302 (Table X). The first was concentrated 
to one-sixteenth, the second to one-fourteenth of the original volume. 
The first fraction contained only ten mouse units per cc. like the start- 
ing material, in the second a concentration of 80 units was attained. 
The ratio precipitin/protection, already as high as 58 in the original 
serum, rose to 77 for the globulins. By mixing the two globulin frac- 
tions in equal amounts an effect was observed similar to those dis- 
cussed on page 65 of the preceding paper. 

The precipitin values for Preparation 916, Type I, 200 protective 
units (Table I), were 


for a serum dilution of 10 1280 

20 2560 

40 ' 160 

80 80 
160 160; 


in this preparation, as in No. 102 of Table VI in the preceding paper, 
the precipitin activity was very high as compared with the protective 
potency. 

SUMMARY. 

The precipitin indices for a number of monovalent and polyvalent 
antipneumococcus sera were determined under known conditions, and 
found to vary as did the number of protective units. 

The ratio precipitin index/protective units in monovalent sera was 

2 Forster (5), investigating the relation between the time elapsed since immun- 
ization and the precipitin titer, observed the development of a post-zone during 
the “secondary stage.” 
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found to lie between 2.8 and 4.8 for Type I and to be about ten times 
greater for Type III. 

Lower values were found in polyvalent horses and when mixing 
heterologous monovalent sera with each other. 

The influence of the duration of treatment upon the quotient was 
studied. 

Several refined and concentrated preparations showed a relative 
increase in precipitin activity. 
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THE ANTIGENIC COMPLEX OF STREPTOCOCCUS 
ILEMOLYTICUS. 

I. Demonstration or a Tyre-Specific Substance in Extracts of 
Streptococcus h^molyticus. 

By REBECCA C. LANCEFIELD, Ph.D. 

{From Hie Hospital of The Rockefeller Institute for Medical Research .) 

(Received for publication, October 26, 1927.) 

Chemical and immunological studies to determine the nature of 
the substances responsible for the specific reactions of a number of 
microorganisms have been reported recently by several investigators. 
Most of this work has been reviewed in some detail elsewhere (1). 
In certain very carefully studied instances, such as pneumococcus (2) 
and the Friedlander bacillus (3), specificity is determined by type- 
specific carbohydrates, while non-specific group reactions are due to 
species-specific proteins. The same general relationship holds for the 
Streptococcus viridans (4). 

Hitchcock (5) found that nearly all hemolytic streptococci yielded in crude 
antiformin extracts a “residue antigen,” such as described by Zinsser and Parker 
(6), which reacted with all of his antibacterial sera prepared against hemolytic 
streptococci but not with sera against green streptococci. Conversely (7) simi- 
larly prepared “residue antigens” from non-hemolytic streptococci did not react 
with his hemolytic streptococcus antisera. 

Hirsch (8) also reported finding a precipitating substance in extracts of hemoly- 
tic streptococci which he called the soluble specific substance. He did not give 
any evidence to support this statement other than the fact that it precipitated 
antibacterial sera and sera prepared against solutions of this material. He did 
not state whether his sera and antigens were all prepared and tested with one or 
with several strains. 

In repeating the work of Hitchcock as a preliminary to the present 
experiments, it was found, indeed, that all partially purified antiformin 
extracts, or extracts prepared in such a way as to remove the bulk of 
the protein, precipitated equally well antibacterial sera made against 
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different types of hemolytic streptococci. The precipitates formed 
typical discs like those obtained with type-specific carbohydrates in 
other species of bacteria. All attempts to separate a type-specific 
fraction from such extracts by fractional alcoholic precipitations were 
unsuccessful. Methyl and ethyl alcoholic extracts of whole bacteria 
contained the same species-specific substance but no trace of a type- 
specific fraction. 

It was then found that extracts made by Porges ’ method (9) for the 
removal of bacterial capsules contained a type-specific fraction. This 
report is the presentation of some of the work carried out with this 
fraction. 

The strains used were chiefly those which had been previously 
grouped by agglutination and protection tests (10). These had been 
preserved for 4 or 5 years by dessicating them while in the frozen 
state by Swift’s (11) technique. Cultures recovered from this stock, 
as a rule, retained the virulence and cultural and serological behavior 
characteristic of them at the time of dessication. These old strains 
were used in preference to freshly isolated ones because the distinctive 
types had already been separated and grouped. The results obtained 
by any new method of grouping must, of necessity, agree with those 
obtained by previous methods in order to establish its validity. 

Methods. 

Antigens were prepared from the various strains by a modification of Porges’ 
method as follows: bacteria centrifuged from IS hour plain broth cultures, were 
suspended in 0.85 per cent NaCl solution to which sufficient N/1 HC1 was added 
to make a final concentration of n/20 HC1. Usually the sediment from 1 liter of 
broth culture was extracted in 10 cc. to 15 cc. volume. The suspension in a Pyrex 
centrifuge tube was immersed in boiling water for 15 minutes with occasional 
stirring, then cooled, centrifuged, and the supernatant fluid removed and neu- 
tralized with n/1 NaOH. The precipitate which appeared on neutralization was 
thrown down in the centrifuge; and the water-clear, slightly yellowish supernatant 
fluid was used as antigen for precipitin tests. When a more potent antigen was 
desired, it was obtained by extracting in smaller volume or by concentrating the 
dilute extract described above. For concentration, crystals of sodium acetate — 
usually 10 gm. per liter of extract — were added to facilitate the subsequent pre- 
cipitation with three or four volumes of 95 per cent alcohol. After standing over- 
night in the ice box, the alcoholic precipitate was thrown down and redissolved in 
salt solution. The greater part of the alcoholic precipitate was insoluble; but 
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precipitin tests showed that very little loss of active material vras occasioned by 
discarding the insoluble part. The alcoholic precipitation was repeated and the 

TABLE I. 


Precipitin Reactions with Unabsorbed Antibacterial Scrum from Rabbit Q867 , 
Immunized with Strain S60, Type S60. 


Antigen HC1 extract 

Read after 2 hrs 
at 37°C 

Read after 
additional 18 hrs 
m ice box 

Strain 

Type 

Cc 

S60 

S60 

0 4 

4-4-4- 

4-4-4- 



0 3 

4-4-4- 

4-4-4- 



0 1 

*T + 

4-4- 

S43 

« 

0 4 

4-4- 

4-4-4- 



0 3 

J--U-U 

4~4 — h 



0 1 

4-4- 

+ + 

S23 

S23 

0 4 

— 




0 3 

— 

4- 



0 1 


_L_i_ 

SGS 

tt 

0 4 

— 




0 3 


+= 



0 1 

~u 

4-4- 

S3 

S3 

0 4 



4- 



0 3 

- 

4- 



0 1 

-4- 

4-4- 

S144 

it 

0 4 

— 

-J- 



0 3 

- 

4- 



0 1 

-i- 

+4- 

S24 

Unclassified 

0 4 



-U 



0 3 

— 

4-± 



0 1 


4-4- 

S276 

It 

0 4 



_ 



0 3 

— 

4- 



0 1 


O- 


In all tables ±, 4-, 4-4-, 4-4-4-, + + + +, indicate degrees of reaction; — in 
dicatcs a negative reaction; 0 indicates that the test was not made. 


antigen concentrated to any desired volume by this means In the following 
experiments, most of the antigens were the original extracts, although a few were 

concentrated by the alcoholic precipitation method 


94 


STREPTOCOCCUS H/EMOLYTICUS. I 


Antibacterial sera were prepared by inoculating rabbits intravenously with in- 
creasing doses of heat-killed broth cultures followed by living organisms. After 
6 or 8 weeks of immunization, the sera of such animals contained agglutinins and 
precipitins and, in some instances, protective antibodies for the homologous strain. 
Precipitins for antigens from strains of unlike type were also present in most of 
these sera. Experiment 1 gives the typical precipitin reactions of the kind of anti- 
bacterial serum which gave only moderate cross-reactions with heterologous 
antigens. 

TABLE rr. 


Precipitin Reactions with Unabsorbed Antibacterial Scrum from Rabbit Q609, 
Immunized with Strain S23, Type S23. 


Antigen: HC1 extract 

Read after 2 hrs. 
at 37°C. 

Read after 
additional 18 hrs. 
in ice box 

Strain 

Type 

Cc. 

S23 

S23 

0.4 

+ + + 4* 

4* 4- 4* 4- 



0.1 

+ + + 

4-4-4' 

S65 

U 

0.4 

++ + 

4 — 1 — b 



0.1 

4 — b 

4-4- 

S60 

S60 

0.4 

4- 

4-4- 



0.1 

+± 

4-4- 

S128 

u 

0.4 

-b± 

4-4- 



0.1 

4- 4- 

4-4-rfc 

S3 

S3 

0.4 



xfc 



0.1 

+ 

4-4- 

S144 

« 

0.4 

— 

± 



0.1 

+ 

-| 

S24 

Unclassified 

0.4 

4-4-4= 

4-4-4= 



0.1 

4 — 1 — t* 

4 — 1 — b 

S276 

U 

0.4 


+ + 



0.1 

4- 

+ ± 


Experiment J. — Eight HC1 extracts were made from two strains of each of three 
types of hemolytic streptococcus and from two unclassified strains. Three dilu- 
tions of each antigen were set up as follows: 0.4 cc., 0.3 cc., and 0.1 cc. were placed 
in successive tubes, and the volumes made up to 0.4 cc. with salt solution. 0.1 cc. 
of serum from Rabbit Q867, immunized as indicated in Table I, was added to each 
tube; and, after mixing, the tubes were incubated in a 37°C. water bath for 2 
hours. The tests were read immediately, and again after standing overnight in 
the ice box. Controls of serum alone, of antigens alone, and of antigens with nor- 
mal serum were negative. 
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Table I shows that antigens of the type homologous to the serum 
formed heavy flocculent precipitates almost as soon as they were 
mixed with the serum. The maximum reaction with these antigens 
was reached during the initial incubation at 37°C., and the intensity 
changed very little during the ensuing period in theicebox. Heterol- 
ogous antigens, on the contrary, precipitated the serum slowly, often 
forming no visible precipitate during the 2 hour period in the water 
bath, but, after standing overnight in the ice box, they gave disc 
precipitates similar to those formed by specific carbohydrates of some 
species of bacteria. The optimum zone for disc precipitates was 
usually in considerably higher dilutions than for the more nearly 
type-specific flocculent precipitates. 

Experiment 2 . — A similar experiment was performed with a slightly different 
series oi antigens and antibacterial serum, from another rabbit, immunized as 
shown in Table II. The same series of tests was set up as in Experiment 1, except 
that the tube containing 0.3 cc. of antigen was omitted. 

The reactions shown in Table II were typical of another kind of 
antibacterial serum with which immediate pronounced cross-reactions 
were obtained. Considerably less specificity was evident in the pre- 
cipitin reactions in this instance than in Experiment 1, in which the 
2 hour reading seemed quite type-specific; but, in Experiment 2, this 
reading showed a large amount of cross-reaction. On the basis of this 
test the classification of Strains S60 and S128 was doubtful; and 
Strain S24 would have been placed in Type S23 if other evidence had 
not been available. No conclusion could be drawn from the character 
of the precipitate in these instances, since it had much the same 
appearance for the heterologous antigens as for the homologous. 
Some other means of distinction was necessary. 

Accordingly, isolation of the type-specific antigen was attempted 
but was only partly successful. Fractional alcoholic precipitations 
served to separate the non-type-specific disc-forming substance; but 
no satisfactory method was devised for removing the substance which 
gave non-type-spccific flocculent precipitates with immune serum; 
hence attempts were made to prepare type-specific antisera bv ab- 
sorption. Table III shows such an experiment. 
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Experiment 3. — Serum from Rabbit Q309, immunized as shown in Table III, 
was absorbed with a heterologous hemolytic streptococcus. The bacteria from 
1.5 liters of plain broth culture of a heterologous strain were centrifuged, resus- 
pended in a small volume of salt solution, and killed by heating at 56°C. for 1 
hour. To the packed bacteria, 2 cc. of immune serum diluted with 4 cc. of salt 
solution were added. A parallel absorption was performed at the same time with 
bacteria from the strain homologous to the serum. Controls of immune serum and 
of normal serum similarly diluted were included, and the absorption carried out 
at 37°C. for half an hour. After centrifugation the clear supernatant diluted 
serum was removed and preliminary precipitin tests made. Since precipitates 
were no longer obtained with heterologous antigens, the absorption was considered 
complete. Table III shows the precipitin tests with a number of homologous and 


TABLE III. 

Absorption Experiment: Precipitin Reactions with Scrum from Rabbit Q309, 
Immunized with Strain S23, Type S23. 


Antigen: HC1 extract 

Not absorbed 

Absorbed with heterol- 
ogous Strain S6D 

Strain 

Type 

S23 

S23 

+ + + 

+ -f- + =b 

S65 

ft 

+ + ± 

+ + 

S60 

S60 

+ 

— 

S43 

if 

+ + 

— 

S12S 

ft 

+ + 

— 

S4 

if 

+ + 


S24 

Unclassified 

+ + 



S276 

if 

+ 

— 

R28 

« 

+ + 



heterologous HC1 antigens, and the heterologous absorbed serum, also the con- 
trol unabsorbed serum. 0.2 cc. of serum dilution (equivalent to 0.07 cc. of undi- 
luted serum), and 0.2 cc. of antigen were mixed, and incubated in a 37°C. water 
bath for 2 hours. Readings were made after an additional IS hours in the ice 
box. All necessary controls were negative. 

Table III shows that the serum absorbed with a heterologous strain 
had become, in effect, a type-specific serum. This absorbed serum 
reacted only with antigens of the type used in immunization, while 
reactions with heterologous antigens were all completely negative. 
The heterologous strain had, therefore, not only absorbed the anti- 










K. C. LANCEFIELD 


97 


bodies for all strains of its own type but also the antibodies for other 
heterologous strains. The control lot of unabsorbed serum gave good 
reactions with most of these antigens. Absorption of the same serum 
with the homologous strain removed the antibodies for the homologous 
antigen also. In view of these results it was evident that Strain 
S24 did not belong to Type S23, as might have been supposed from 


TABLE iv. 


Absorption Experiment: Precipitin Reactions with Scrum from Rabbit Q61Z, 
Immunized with Strain S23, Type S23. 


Antigen: HC1 extract 

Not 

absorbed 

Absorbed with hemolytic streptococcus of 

Strain 

Type 

Homolo- 
gous type: 

Heterologous type: 

S65, 

Type S23 

S128, 
Type S60 

S144. 
Type S3 

S24, 

unclassi- 

fied 

New York 
5, scarla- 
tinal 

S23 

S23 

+ + i 

— 


++ 

++± 

++= 

SG5 

It 

"f + 

- 

+++ 

+++ 

++ 

4-4- 

S39 

tt 

+++ 

— 

++± 

++ + 

+++ 

+++ 

SGO 

S60 

++ 

— 

— 

— 




S6 

It 

+ -U 

— 

— 

— 

— 

— 

S128 

it 

++ 

— 

— 

— 

0 

0 

S4 

it 

++ 

— 

— 

— 

— 


S43 

it 

++ 

— 

— 

— 

— 

— 

S72 

a 



— 

— 

0 

0 

S3 

S3 

+ 

| 



_ 



S80 

it 

+ 

— 

— 

— 



S144 

it 

+ 

— 

— 







S149 

it 

+ 

- 

- 

- 

- 

- 

S24 

Unclassified 








S276 

tt 


- 

- 

- 

0 

0 


the heavy precipitation with unabsorbed serum from Rabbit 0609 
(Table II). 

Numerous similar absorption experiments were performed with 
different sera and with different hemolytic streptococci as absorbing 
agents; essentially similar results were obtained in all these experi- 
ments. Titration of absorbed serum with varying dilutions of heterol- 
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ogous antigens showed that shifting of the prozone was not responsible 
for the negative results. Finally, a more comprehensive experiment 
was performed. 

Experiment 4. — Five aliquot portions of serum from Rabbit Q612 were absorbed 
respectively with five different strains of Streptococcus hxmolyticus, and a sixth 
portion kept as an unabsorbed control. Only one strain was the type homologous 

TABLE V. 


Absorption Experiment: Precipitin Reactions with Scrum from Rabbit Q867, 
Immunized with Strain S60 , Type S60. 


Antigen: HC1 extract 

Not 

absorbed 

Absorbed with hemolytic streptococcus of 

Strain 

Type 

Homolo- 
gous type: 

Heterologous type: 

S128, 
Type S60 

S6S, 

Type S23 

S144, 
Type S3 

S24, 

unclassi- 

fied 

New York 
5, scarla- 
tinal 

S23 

S23 

+ 

— 

— - 

— 

— 

— 

S65 

<< 


— 

— 

~ 

— 

— 

S39 

u 

1 

+ 

— 



— 


S60 

S60 


— 

+ + ± 


+ + 

+++ 

S6 

“ I 

++ 


++ 

+ + 

+ + 

+ + db 

S128 

u 

++ 

- 

— 

+ 

0 

+ 

S4 

u 

1 ++ 

- 

+ 

+db 

+± 

+ + 

S43 

u 

+++ 

- 

+ + 


-j — (- 

+ + =fc 

S72 

it 

++± 

— 

+ 

++ 

0 

+ + 

S3 

S3 


— 

— 

— 

— 

1 ± 

S80 

it 

+ 

- 

- 

— 

- 

zh 

S144 

it 

+± 

- 

- 

- 

- 

— 

S149 

ti 

+ 

— 

— 

— - 

— 

— 

S24 

\ Unclassified 

+ 

— 
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to the serum; three others were known heterologous types; the fifth belonged to an 
unclassified group. Absorption was accomplished with one or two 1 hour incu- 
bations, and was proved to be complete by preliminary testing with HC1 extracts 
from heterologous strains. After being completely absorbed these sera were 
tested with HC1 extracts from a number or strains representing different types 
(see Table IV). Readings with the absorbed sera made after 2 hours incubation 
at 37°C. and 18 hours in the ice box agreed. Controls of serum and antigen alone, 
and of antigen with normal serum, were negative. 
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A similar absorption experiment was performed with serum from Rabbit Q867, 
immuniz ed with another type (see T able V) . 

This experiment showed again that unabsorbed antibacterial sera 
reacted with most antigens made from heterologous strains, although 
they reacted more strongly with homologous antigens than with 
heterologous. Absorption with bacteria of the homologous strain, or 
with bacteria of any strain of the same type, removed all antibodies; 
while absorption with any heterologous strain removed antibodies for 
all types of heterologous hemolytic streptococci, but left the type- 
specific antibodies practically intact. By this method, therefore, it 
was possible to prepare a serum which contained only type-specific 
antibodies. 

Certain technical difficulties were encountered in these absorption 
experiments : complete absorption was often hard to attain because the 
serum could not be much diluted if it were to be used subsequently for 
satisfactory precipitin tests. Non-type-specific antibodies were ab- 
sorbed more readily by certain strains than by others. Strains of the 
homologous type were more efficient in this respect than heterologous 
strains; and heterologous strains varied somewhat among themselves. 
Of the heterologous strains used in these experiments, S24 was the 
most effective absorbing agent. Various other workers have observed 
that some strains of bacteria are better than others for absorbing 
antibodies; and Krumwiede, Cooper, and Prevost (12) point out, in 
their comprehensive paper on agglutinin absorption, that this is often 
true. The present experiments with hemolytic streptococci indicate 
also that few absorptions with heavy emulsions are preferable to often 
repeated ones with fewer organisms. This is due partly to unknown 
factors, but can be partially explained by the additional dilution 
occasioned by using wet bacteria and also by the prolonged heating 
involved in repeated absorptions. Numerous absorptions with 
heterologous strains also tend eventually to reduce somewhat the 
titer of the type-specific antibodies. This may be due to a non- 
specific adsorption, such as occurs with kaolin, rather than to a lack of 
immunological specificity in the absorption process. 

Examples of such overabsorption were usually found in sera which 
contained large amounts of non-type-specific antibody and conse- 
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quently required excessive absorption for its removal. Even such 
repeatedly absorbed sera still reacted, though in less degree, with most 
homologous antigens and not at all with heterologous. Such instances 
emphasize the importance of selecting sera with as little non-type- 
specific antibody as possible as well as the necessity of proper selection 
of the absorbing strain. 

From three strains it was impossible to obtain a type-specific frac- 
tion by any of the methods which were usually successful. In one 
instance this was associated with loss of agglutinability; although in 
two others the strains were still agglutinable. While these were all old 
laboratory strains, so also were most of the other strains used in these 
experiments. It is possible that certain strains never possessed the 
function of producing a type-specific antigen; but it seems more prob- 
able, especially in view of the earlier successful classification of these 
strains, that some such factors as length of time under cultivation 
caused this condition. A study of other known groups of hemolytic 
streptococci might furnish a solution of this question. 

DISCUSSION. 

A type-specific substance was detected in HC1 extracts of hemolytic 
streptococci by the absorption method. Such extracts also contained 
non-type-specific substances which gave confusing cross-reactions in 
the precipitin test when unabsorbed immune serum wasused. Homol- 
ogous antigens usually formed heavy flocculent precipitates as soon 
as they were mixed with the serum; while heterologous antigens often 
formed no precipitate until after the tubes had been in the ice box 
overnight. These non-type-spceific precipitates were discs like those 
characteristic of type-specific carbohydrates of other species. Occa- 
sionally, however, non-type-specific precipitates appeared early and 
had the same flocculent characteristics as those formed by homologous 
antigens. Such results precluded the possibility of obtaining reliable 
type-specific precipitin reactions unless either the non-type-specific 
substances could be removed from the antigen or the non-type-spccific 
antibodies from the serum. 

While complete purification of the antigen by fractional precipita- 
tion proved extremely difficult or impossible, the preparation of type- 
specific serum by absorption was found to be easy. Although absorp- 



R. C. LANCEFIELD 


101 


tion with any strain of the homologous type removed all antibodies 
from the serum, absorption with bacteria from heterologous strains 
of hemolytic streptococci removed only the non-type-specific anti- 
bodies with the result that the serum no longer gave cross-precipita- 
tions with extracts from any heterologous strain of hemolytic strepto- 
coccus but still reacted with extracts from homologous strains, usually 
with only slight change in intensity. Numerous absorptions with 
heterologous bacteria eventually reduced the titer of type-specific 
antibodies; but it is probable that this is a non-specific adsorption, 
in the category of adsorption of antibodies by substances like kaolin, 
rather than an invalidation of the other experiments reported. Even 
in these extreme instances, however, type-specific reactions were still 
obtained with the absorbed serum. It was possible, therefore, to 
prepare antibacterial sera which contained only type-specific anti- 
bodies and consequently gave only type-specific precipitin reactions. 

Of nineteen strains of hemolytic streptococcus studied, ten yielded 
type-specific antigens, six were tested for non-type specific antigens 
only since no homologous serum was available in these instances, and 
three failed to produce type-specific antigens. It seems probable that 
this failure was associated with long cultivation in the laboratory, or 
with other unknown factors, since these strains had been classified 
several years before by other methods. The classification of all other 
strains by the method described here agreed with that previously 
determined for these strains by agglutination and protection tests. 

Obviously this has distinct advantages for classification'of.hemolytic 
streptococci over that possessed by the agglutination reaction. So 
many strains of hemolytic streptococci agglutinate spontaneously that 
the only methods previously applicable to their grouping were 
agglutinin absorption or serum protection of animals with which they 
were inoculated. Both methods are costly in time and material. 


Moreover, protection tests with strains of low virulence are impossible 
or inconclusive. The complexity of the antigenic structure of certain 


hemolytic streptococci makes the interpretation of results of agglutinin 
absorption at times very difficult, as shown recently by several authors 
( 13). The application of this method to such groups might reveal a 
type-specific clement in these strains, whereas the agglutinin absorp- 
tion method has failed to indicate sharply defined types but has led to 
the suggestion by some of these authors of an antigenic mosaic. 
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The precipitin test, in contrast with the agglutination and protection 
tests, is applicable to any strain. The HC1 extract can be prepared 
directly from the sediment of broth cultures in a few hours; and even 
when requiring additional concentration this can be completed in a 
day or two. The absorption of the non-type-specific antibody from 
the serum is the only time-consuming part of the method. Once 
absorption is complete, however, the sera may be kept in the ice box 
for months and used as required. The facility with which certain 
strains absorb non-type-specific antibodies is noteworthy and makes 
desirable the conservation of these types for this special purpose. 

SUMMARY. 

1. Hydrochloric acid extracts of Streptococcus hxmolyticus contain 
type-specific, as well as non-type-specific, substances. The precipi- 
tates formed by these crude extracts with homologous antibacterial 
serum are flocculent, while those obtained with heterologous serum 
are usually disc-like. 

2. The type-specific substance may be detected by the use of anti- 
bacterial sera absorbed with heterologous strains of hemolytic strepto- 
cocci. Such absorbed sera are type-specific: they are precipitated 
only by extracts of strains of the homologous type. 

3. Any heterologous strain of hemolytic streptococcus absorbs the 
antibodies for all other heterologous strains, but homologous strains 
absorb type-specific antibodies as well. Numerous repeated absorp- 
tions with heterologous hemolytic streptococci tend to lower the titer 
of the type-specific antibody. A possible explanation of this fact is 
suggested. 

4. Three strains did not yield a type-specific substance; and it seems 
probable that the}' had lost this function because of long continued 
cultivation in artificial media. 

5. Classification based on the precipitin test with absorbed serum 
agrees with that previously determined by agglutination and protec- 
tion tests. The method is, therefore, applicable to the problem of 
classification of the hemolytic streptococci. 
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CHANGES IN THE PERCENTAGE OF CALCIUM AND 
PHOSPHORUS OF THE BLOOD FOLLOWING SECTION 
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That calcium and potassium, as well as other ions, are capable of 
stimulating or depressing the activity of nerves has been known for 
many years, having been established by the brilliant studies of Jacques 
Loeb as well as others. Recently the conception of the interaction 
between nerves and inorganic salts of the body has been amplified so as 
to include a reciprocal relationship between the two — not only an 
effect of ions on the function of the nerves, but of nerve impulses on the 
distribution of various ions. 

The latter conception has been emphasized especially by the recent work of 
Kraus and Zondek (2) who suggested that the nerves exert their specific functions 
by means of the various ions, that, for example, the sympathetic system has an 
action similar to calcium or rather to an artificial excess of calcium. Elaborating 
this idea somewhat further Zondek (3) stated that the ions are the very materials 
made use of by the nerves to fulfill their functions, that stimulation of the vagus 
leads to a preponderance of potassium, whereas similar stimulation of the sym- 
pathetic leads in turn to the preponderance of calcium. The nerves are supposed 
to control not only the distribution of these ions within the cells and cell mem- 
branes, but the hydrogen ion balance as well. At about the same time Billig- 
heimer (4) brought forward a similar point of view and showed that stimulation 
of the sympathetic nerves by means of suprarenin induced lowering of the calcium 
level of the blood, a result which was interpreted as due to a local increase of 
calcium within the area of stimulation. Pilocarpin is stated to have had the 
opposite c fleet in relation to calcium, but in this regard the interpretation seems 
questionable. 


I resented at the Annual Meeting of the American Societv of Biological 
Chemists, Rochester, April 14, 1927 (1). 


105 



106 


CALCIUM AND PHOSPHORUS OF BLOOD 


In association with studies of the calcium and phosphorus metab- 
olism in rickets and tetany, it seemed of interest to determine 
whether the concentration of these ions would be appreciably affected 
by lesions of the sympathetic and parasympathetic systems. Accord- 
ingly, a series of experiments were carried out in which the great ab- 
dominal centers of the sympathetic system were largely destroyed or 
the vagi were severed within the abdomen. The percentage of calcium 
and inorganic phosphate of the blood was then closely followed for 
prolonged periods. In this connection it may be mentioned that in 
1867 Eckhard (5) reported that by cutting the splanchnic nerves he 
was able to bring about the appearance of sugar in the urine, a mani- 
festation which was, however, not constant and which he attributed 
to a stimulative effect. Recently Nakao (6) sectioned the splanchnic 
nerves in rabbits in order to study the effect on the excretion of urine; 
he concluded that this lesion decreased diuresis and lessened the per- 
centage of chlorides in the blood. 

Operative Procedure. 

All of the operations were performed on dogs under complete ether narcosis. 
Exposure of the nerves was accomplished by means of an upper median abdomi- 
nal incision, except in relation to the left splanchnic which in some instances was ex- 
posed by the lumbar route. At every operation, in addition to division of the 
nerve trunks, traction was made and a segment 2 to 3 cm. in length was resected in 
order to preclude the possibility of regeneration. The sympathetic ganglia and 
plexuses likewise were resected and were examined histologically for verification 
of the tissue. The operations were performed with a minimum degree of exposure 
and handling of the viscera. 

Operations on the Splanchnic Nerves . — The right splanchnic was exposed solely 
by the intraperitoneal route. The left splanchnic was exposed either intraperi- 
toneally or extraperitoneally. These nerves were isolated below the internal 
arcuate ligaments of the diaphragm. In order to identify them, it was found of 
value to follow cephalad the branches to the suprarenal glands and then to expose 
the main trunk by traction. 

Operations on the Celiac and Superior Mesenteric Plexuses and Ganglia . — The 
method which was found most satisfactory for the removal of these structures was 
preliminary isolation of the hepatic and celiac arteries, and separation of the right 
celiac ganglion. The dissection was followed to the aorta and continued caudad 
along its ventral surface and to the left of the vena cava, extending to the superior 
mesenteric artery, so that the superior mesenteric and left celiac ganglia were 
also separated. All of the intervening tissue lying between the suprarenals 
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was excised, care being taken to avoid injury to the glands. Careful dissection 
of the retroperitoneal tissues was necessary in order to avoid the receptaculum 
chyli and the larger lacteals. As large an area as possible was included in the 
resection of the plexuses and ganglia, which were removed en masse. The 
amount removed varied from case to case. 

Experiments on the Abdominal Sympathetic. 

A considerable number of operations of this kind were carried out. 
The results are s umm arized in Table IV. Characteristic data of 

TABLE I. 


Calcium and Inorganic Phosphate of the Blood Following Partial Removal of the 

Celiac Plexus. 


Dog 3 

Date 

Interval 

after 

operation 

Blood 

Remarks 

Inorganic 

P 

Serum 

Ca 


1926 


mi. 

mt. 


Mongrel 

12/8 


2.87 

10.7 

Previous to operation 

9 


3 hrs. 

3.79 

9.1 

Diet: bread and cooked meat 

9 kg. 

12/9 

12/10 
12/11 1 

25 “ 

251 “ 

1 49 “ 

68 “ 

3.87 

2.47 

3.26 

7.5 

6.4 

6.8 

6.9 

Injected intravenously 0.1 mg. epi- 
nephrine (in 1 cc.0.85 per cent NaCl) 


12/13 

12/14 

5 days j 

2.76 

5.9 

Temperature 38.5°. Blood CO- 58.8 


12/16 

8 “ 

3.69 

6.8 ' 

Blood sugar 85 . 1 mg. 


12/21 

13 “ 

4.27 

6.4 

« « 92 7 « 


12/23 

1927 

15 “ 

3.16 

6.7 

“ “ 93.4 


1/4 

1/5 

27 “ 

4.09 

11.2 

Intermittent fever and nasal dis- 
charge 

Weight 9 kg. Killed. Diffuse 

bronchopneumonia 


operations in which the celiac plexus was partially removed, or the 
right or left splanchnic nerves divided, are reproduced in Tables I, II, 
and III. A review of these tables shows that the calcium level of' the 
serum fell consistently following destruction of the celiac plexus 
or of the splanchnic nerves. In the first case which is charted, 
the percentage reached the low level of 5.9 mg. It is of in' 
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terest to note that in spite of this low level of calcium, the animal 
evinced no signs of tetany. The ICramer-Tisdall method was used for 

TABLE II. 


Calcium and Inorganic Phosphate of the Blood Following Division of Right 

Splanchnic Nerve. 



Date 

Interval 

alter 

operation 

Blood 

Remarks 



Dog 6 

HI 


mg. 

mg. 


Mongrel 

16S1 


2.63 

11.0 

Previous to operation 

9 



5. 58 

8.2 

Diet was bread and cooked meat 

6 kg. 

1/5 

25 “ 

3.02 

6.0 



1/11 i 

7 days j 

4.28 

7.S 



1/21 

17 “ 


10.35 

Galvanic reactions: cathodal closing 






2 . 5-3 . 0, opening 10.5 

Dog 7 






cf 

1/11 


2.03 

10.0 

Previous to operation* 



2$ hrs. 

2.27 

6.9 

Diet was bread and cooked meat 


1/12 

24 “ 

2.35 

7.3 



1/21 

9 days 


8.3 



1/22 




Galvanic reactions: cathodal closing 






1.9, opening 9.5 


1/31 

19 “ 

2.10 

10.2 



* 2 cm. of the nerve was resected. 


TABLE III. 


Calcium and Inorganic Phosphate of the Blood Following Division of Left 

Splanchnic Nerve. 


Dog 9 

Date 

Interval 

after 

Blood 

Remarks 

operation 

Inorganic P 

Serum Ca 


c? 

8 kg. 

1927 

1/24 

1/25 

1/26 

1/31 

2}- hrs. 

24 “ 

6 days 

mg. 

2.51 

2.75 

2.91 

mg. 

9.8 

7.5 

8.1 

10.0 

Previous to operation 


estimating calcium and the Briggs modification of the Bell-Doisy 
method for estimating the inorganic phosphorus. We did not at- 
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tempt to ascertain -what ratio of the total calcium was diffusible 
or in an ionized state. To bring about this marked reduction of 
calcium, it sufficed to sever but one of the splanchnic nerves, 
and it did not seem to be of consequence whether this was the 
right or the left. The reduction in the calcium level occurred in 
about 24 hours, but the percentage was still low in some instances 
after an interval of 1 or 2 weeks. In all cases, however, it re- 
gained its normal level, evidently due to the action of a compensatory 
mechanism. The accompanying graph gives a typical picture of tlie 
course of the serum calcium following the severing of a splanchnic 



Fig. 1. Calcium of serum following section of the splanchnic nerves or plexus. 


nerve. It should be added that the fall in calcium level cannot be at- 
tributed to the opening of the abdominal cavity or the handling of the 
viscera, as was proved by analyses of the blood of animals in which 
operations were performed to produce chronic intestinal obstruction 
and bile fistuke. Following abdominal operations on man it was 
found that there may be a slight fall in the calcium of the serum, a de- 
crease of less than 1 mg. per cent; only a few estimations of this kind 
were made. It is perhaps worthy of note that recently Lebedenko (7) 
has described marked congestion and hemorrhages in the solar plexus 
following abdominal operations. It will be noted that the summary of 
operations reproduced in Table IV includes one in which the supra- 
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renal glands were decapsulated. This operative procedure was 
followed by a slight decrease in calcium 2 hours later, but nothing 
further was noted. 

In contradistinction to the effect on calcium, the percentage of 
inorganic phosphorus in the blood, determined by the Bell-Doisy 
method, was found slightly changed, following the various lesions of 
the sympathetic nerves. 


TABLE IV. 


Summary of Operations on Sympathetic Nerves. 


Dog | 

Area of sympathetic nerves severed 

Serum Ca 

Remarks 

No. 

Sex 

Lowest 

level 

Interval 

8 

9 

Few fibers of celiac plexus 

mg. per 
cent 

8.2 

1 day 


9 

S' 

Left splanchnic 

7.5 

2-J hrs. 


6 

9 

Right “ 

6.0 

25 “ 


7 

c f 

a « 

6.9 

H “ j 


2 

9 

Celiac plexus partially de- 

8.4 

3 “ 

Hemorrhage, followed 

4 

9 

strayed. Splanchnic cut (?) 

Celiac plexus partially de- 

7.2 

1 day 

by gangrene of 
intestines 

3 

9 

strayed 

Celiac plexus partially de- 

5.9 

5 days 

Low calcium over a 

10 

cf 

strayed 

Celiac plexus partially de- 

6.7 

1 day 

15 day period. No 
tetany 

1 

9 

stroyed 

Cervical sympathetic followed 

6.1 

3 days 


5 

c? 

by right splanchnic and 
part of celiac plexus 
Suprarenal glands decap- 

9.6 

2 hrs. 




[ sulated 





Experiments on the Abdominal Vagi Nerves. 

A series of experiments was next carried out to ascertain the effect 
of section of the vagi nerves on the calcium and phosphorus level of 
the blood. Under general anesthesia, through an upper median ab- 
dominal incision, both nerves were exposed as far cephalad as possible, 
just as they penetrated the diaphragm. In order to section the 
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nerves before the abdominal branches -were given o5 traction down- 
ward was exerted. A segment of nerve 2 to 3 cm. in length was 
excised. This procedure had to be carried out with care in order to 
avoid pneumothorax. 

There have been several investigations of the effect of vagotomy on the chem- 
istry of the blood, but these studies have not considered calcium or phosphorus. 
Cokkalis (8) described a disturbance in the gas exchange of the lungs, an increase 
of S to 7 volumes per cent of the total C0 2 of the arterial blood. Papilian and 

TABLE V. 


Calcium and Inorganic Phosphate of the Blood Following Bilateral Abdominal 

Vagotomy. 


Dog 11 

Date 

Inter\3l after 
operation 

Blood 

RemarLs 

Inor 

gamcP 

Serum 

Ca 

Bemo- 
glob n 


1927 


trg 

rrg 

percent 


Mongrel 

6/14 


3 2 

11 3 

85 

Esophagus pulled down through 

d 


If hrs 

8.4 

11 0 

87 

diaphragm and both vagi cut; 


6/15 

18 “ 

4 2 

10 7 


3 cm. excised 

8 1kg. 


23 “ 

3 6 


88 

Diet, bread and cooked meat. 


6/17 

72 “ 

3 8 

11 3 


no milk 


6/21 

7 dajs 

4 3 

11 1 

90 



6/24 

10 “ 

4 4 

11 2 




6/27 

13 “ 

4 1 

12.2 




7/5 

21 “ 

4 7 





7/11 

27 “ 

3 5 

10 5 




7/18 

34 “ 

4 8 

10 0 




7/26 

42 “ 

4 8 

11 9 




■ 

98 “ 

7 1 

11 0 




9/28 

106 “ 

5 3 

9 3 


Blood sugar 5S 9 mg. 


am 

114 “ 

j 5 18 

10 1 


“ “ 93 8 “ 


Jianu (9) stimulated the sympathetic vagi nerves with suprarerrin after section 
and found that the sugar n as increased in both the arterial and the venous blood. 
Recently Trommel (10) severed the vagi nerves of rabbits and then tested the 
effect of calcium chloride on the heart ; he could find no alteration. 

Tables 1*, VI, and VII present in tabular form the results of three 
vagotomy experiments. The first shows a rise of calcium to 12.2 mg. 
13 days after operation, the second a rise to 14.9 mg. after 8 days, and 
the third (Table VII) a rise to 13.6 mg. All of these figures are’den- 











112 


CALCIUM AND PHOSPHORUS OP BLOOD 


nitely above the normal. In one instance there was a temporary fall 
of calcium about 24 hours after the vagi were cut (Table VI). It 
would seem that the conclusion may be drawn that tills operation, in 


TABLE VI. 


Calcium and Inorganic Phosphate of the Blood Following Bilateral Abdominal 

Vagotomy. 


Dog 12 

Date 

Interval 

after 

operation 

. £* 
If 

to 


B 

Remarks 


1927 


Mg. 

Mg. 

percent 


Cf” 

6/21 


4.3 

10.3 

94 

Previous to operation 

13.2 


li hrs. 

4.9 

10.8 

91 

Rapid, labored respiration for 15-20 

kg. 

6/22 

19 “ 

3.9 

11.1 

90 

minutes after recovery from anes- 



24 " 

4.2 

7.7 

90 

thesia 


6/23 

4S “ 

4.0 

9.1 




6/24 

72 “ 

3.7 

10.7 


Diet: bread and cooked meat 


6/27 

S days 

4.4 

14.9 




7/5 

16 “ 

5.35 

11.2 




7/11 

22 “ 

5.23 

10.S5 

. 



7/18 

29 “ 

4.45 

10.8 




9/20 

93 “ 

4.89 

10.4 




9/28 

{■1 

4.90 

10.57 


Blood sugar 97 . 2 mg. 


10/6 

EM 

5.32 

11.0 


“ “ 71.3 “ 


TABLE VII. 


Calcium, Inorganic Phosphate , and Chloride of the Blood Following Bilateral 

Abdominal Vagotomy. 


Dog 13 

Date 

Interval 

after 

operation 

Blood 

Remarks 

Inor- 
ganic P 

Ca 

Chlo- 

rides 

Hemo- 

globin 

$ 

Mongrel 

11kg. 

1927 

6/22 

6/23 

6/24 

6/27 

1-J hrs. 

19 “ 

48 " 

5 days 

mg. 

4.0 

2.5 

2.9 

2.5 

3.8 

1 


per cent 

87 

85 

Diet of bread and cooked 
meat 


contradistinction to severing of the splanchnic nerves, leads to an aug- 
mentation of the calcium of the blood. It is to be noted also that the 
equilibrium seems to have been definitely disturbed ; we miss the con- 
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stancy in the calcium level which is such a characteristic feature in 
almost all normal mammals. In regard to the effect on inorganic 
phosphate the results are too irregular to warrant a definite conclusion. 
Attention, however, should be drawn to the sudden and temporary 
rise of phosphorus in one operation (Table V) from 3.2 to 8.4 mg. \\ 
hours after cutting the vagi. In general, it may be stated that this 
operation tended to bring about a slight disturbance in equilibrium of 
this ion. 

DISCUSSION. 

At the present time the physiologic and anatomic conceptions of 
the sympathetic nervous system are not identical. Whereas physiol- 
ogy has taken account but little of the afferent sympathetic fibers, 
anatomy has long since ascribed sensory fibers to the heart, mesentery, 
urinary bladder, etc. Moreover, until recently the centers in the 
spinal cord and midbrain were not regarded physiologically as a part 
of the sympathetic system. Nowadays, not only have these areas of 
the central nervous system been included, but the concept has been 
broadened functionally, so as to include some of the glands of internal 
secretion. In the present state of our knowledge it would be unwise 
to attempt to interpret the pathogenesis of the chemical changes which 
we have brought about by a destruction of these nerve paths. It 
would be of interest to know what has become of the calcium which is 
lacking in the blood in such marked degree. Has this deficiency come 
about from a failure of absorption, from an increased excretion by way 
of the bowel or the urinary tract, or does this loss represent merely an 
altered distribution in the tissues of the body? This question is of 
significance and we hope that further investigation will be able to shed 
light upon it. It cannot be ascribed to a mere alteration in the con- 
centration of the blood for, as may be noted, percentages of hemo- 
globin before, and after the various operations were but little altered. 
\V hat ever may be the physiologic mechanism involved, it would seem 
that in connection with the development of metabolic disturbances 
the role of the nervous system may r well be of greater importance than 
is generally believed. In tetany, for example, we cannot take it for 
granted that ner\c lwperimt ability* results solely* from deficiency — 
cither absolute or relative — of calcium, but must investigate whether 
the disturbance of nerve function may* also be a primary* factor. 
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CONCLUSIONS. 

When a splanchnic nerve or the celiac plexus was severed a definite 
fall in serum calcium resulted, the level falling to 6 mg. per cent and re- 
maining low for 1 or 2 weeks. Tetany, however, did not develop. 
The inorganic phosphate was slightly altered. 

On the other hand, when the vagi nerves were severed, the serum 
calcium rose. 

The equilibrium of both calcium and phosphorus was rendered less 
stable by the division of the sympathetic or the parasympathetic 
nerves. 


BIBLIOGRAPHY. 

1. Hess, A. F., Berg, B. N., and Sherman, E., J. Biol. Chcm., 1927, lxxiv, p. 

xxvii. 

2. Kraus, F., and Zondek, S. G., Klin. Woch., 1922, i, 1773. 

3. Zondek, S. G., Klin. Woch., 1923, ii, 382. 

4. Billigheimer, E., Klin. Woch., 1922, i, 256. 

5. Eckhard, C., Giessen, 1867. 

6. Nakao, H., Biochcm. Z., 1926, clxxviii, 342, 382. 

7. Lebedenko, W., Virchows Arch., path. Altai., 1926, cclxii, 424. 

8. Cokkalis, P., and Nissen, R., Arch. exp. Path. u. Pharmakol., 1926, cxv, 18. 

9. Papilian, V., and Jianu, M., Compl. rend. Soc. biol., 1927, xevi, 70. 

10. Frommel, E., Arch. mol. caur, 1921, xx, 85. 



ALTERATIONS IN THE CALCIUM LEVEL OF THE BLOOD 
FOLLOWING SECTION OF THE SPINAL CORD * 

By ALFRED F. HESS.M.D., BENJAMIN N. BERG, M.D., and ELIZABETH 

SHERMAN. 

{From the Department of Pathology, College of Physicians and Surgeons, Columbia 

University, New York.) 

(Received for publication, October 21, 1927.) 

In connection with an investigation of the effect of nerve injury 
on the calcium and phosphorus content of the blood, it seemed of ad- 
vantage to ascertain the effect of section of the spinal cord at various 
levels. As far as we know, a study of this kind has not been carried 
out. 

It will be remembered that about SO years ago Charcot aroused the medical 
world by a clinical description of lesions of the bones resulting from injury to the 
spinal cord — from pressure of carious vertebrae, tumors, etc., or associated with 
organic disease of the nervous system. Not only the bones but the tendons, 
ligaments, and the surrounding connective tissue were involved frequently in these 
pathologic changes. Since this time a variety of similar alterations have been 
described by clinicians and pathologists. In addition to lesions of the long bones, 
stone in the kidney has been noted from time to time in conjunction with fracture 
or injur}’ of the spinal vertebra;. In 1895 Mueller (2) reported 10 cases of fracture 
of the spine, associated with prolonged paralysis, in which calculi were found in the 
kidneys upon postmortem examination ; in many of these instances the compression 
was mild. Mueller believed that the calculi had developed as the result of a lesion 
of the nerves. However, as renal and bladder disturbances, as well as infection 
frequently accompany injuries to the spinal cord, it is difficult to judge whether 
these factors did not play the predominant role in the formation of the calculi. 
Some pertinent observations made in the course of the World War should be 
mentioned in this connection. It was found by army surgeons that wounds in- 
volving the spinal cord, resulting in paraplegia, were followed often by calcification 
of the joints and the surrounding tissues. By far the most complete report treating 
of this condition is that of the French investigator Ceillier (3) who published a 
monograph entitled “Para-osteo-arthropathics” in which he detailed 79 cases of 


• Presented at the Annual Meeting of the American Society of Biological Chem- 
ists, Rochester, April 14, 1927 (1). 
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this kind, occurring among 160 paraplegics. The cases which resulted from bullet 
wounds, shrapnel, bombs, falls, etc. were studied by means of radiographs. Cal- 
cification resulted apparently irrespective of the level of the cord lesions; the 
highest injury was at the second dorsal vertebra. In all instances the lesion was 
severe, leading to complete or almost complete paralysis and loss of sensation in 
the extremities. Similar, but less convincing observations were published from the 
records of the British Army. More recently Meyer (4) lias reported an interesting 
case of compression fracture at the eleventh dorsal vertebra with contusion of the 
upper lumbar cord. Six months later symmetrical formation of bone developed 
in the connective tissue of both quadriceps muscles and the adjacent fascia and 
periosteal tissue, and 10 months after the injury large calculi were found in both 
kidneys. 

EXPERIMENTS. 

■ Dogs were placed under complete ether narcosis and a laminectomy was carried 
out in the typical way, and the cord transected at the desired level. The technique 
was not complicated and the animals withstood the operations well. Following 
transection, the rent into the dura was sutured in order to avoid leakage of spinal 
fluid. The level at which the incision was made was checked at postmortem 
examination and at times found to have been slightly higher or lower than had been 
anticipated. The bleeding was moderate. A flaccid paralysis of both hind legs 
came about rapidly and was associated at times with a transient spasticity of the 
fore legs. The respiration and swallowing movements remained unaltered and 
nourishment was well taken. Precautions were taken against chilling. The 
animals were bled from the jugular vein before operation and as a rule 2 hours 
subsequently and at varying intervals during the next few days. 

The results of typical successful operations are given in Tables I and 
II. The first shows that the percentage of calcium in the serum was 
9.6 mg. previous to operation, rising to 17 mg. 22 hours later, and was 
16.4 mg. 46 hours subsequent to the operation. The Kramer-Tisdall 
method was employed for estimations of calcium and the Briggs 
modification of the Bell-Doisy method for inorganic phosphorus. 
At necropsy the cord was found completely severed between the 
first and second dorsal segments except for a few fibers ante- 
riorly. A similar result was obtained in the operation, of which 
the details are summarized in Table II. In this instance the cal- 
cium content rose to 13.2 mg. 2 hours and 15 mg. 21 hours sub- 
sequent to division of the cord. It will be noted that the equilib- 
rium of the calcium was also markedly disturbed, that for some 
days it fell even below the normal level but that gradually it regained 
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the normal percentage of between 9 to 10 mg. It must be added, how- 
ever, that these striking chemical changes could not be brought about 
at will. In spite of the fact that section of the cord was made in three 
other animals apparently at the same plane, little or no fall in the per- 
centage of calcium resulted. The probable explanation for this irreg- 
ularity is that although the operative procedure was seemingly identi- 
cal, the lesion of the nerve cells was essentially different. Experiences 
of this kind are not uncommon in the course of experimental 
surgery on the spinal cord and brain. 


TABLE I. 

Calcium and Inorganic Phosphate of the Blood Following Transection of Spinal Cord 
between First and Second Dorsal Segments. 


Dogl 

Date 

Interval 

after 

opera- 

tion 

Blood 

ReraarLs 




1927 

hrs 

mg. 

mg. 


Mongrel 



3 62 

9 6 

Previous to operation 

c? 


2 

2 98 

9 6 

Good recover}’. Complete flaccid paralysis 





1 

below level of lesion 

9 2 kg. 

i 2/11 

j 22 

3 35 


Milk feeding 


2/11 

27 

3 40 

■uiia 



2/12 

45 





2/14 




Died. Autopsy showed infection of wound; 





| 

cerebrospinal fluid clear. A few anterior 
fibers of cord not severed. Parathyroid 
glands normal macroscopically and micro- 
scopically 


Noting that Ceillier attributed the calcification in his cases to an in- 
jury of the sympathetic nerves supplying the blood vessels and to a 
consequent edema and hyperemia, we made an attempt to reproduce 
the effect of the bullet and shrapnel wounds. With this in view the 
cord was traumatized at different levels below or in the neighborhood 
of the incision. This procedure, which was carried out with the 
animals under complete anesthesia, was without effect. 

In other instances, the spinal fluid was allowed to escape freely from 
the canal and in still others the nerve roots were resected in addition 
to cutting the spinal cord. For example, in one operation where the 
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cord was divided between the first and second dorsal segments, the 
nerve roots of the first, second, and third dorsal areas were divided 
likewise on both sides. A similar procedure was carried out in con- 
nection with the division of the cord between the first and second 
lumbar segments, as well as at the eighth cervical segment. It seems 
unnecessary to record the percentages of calcium in these various 


TABLE II. 

Calcium and Inorganic Phosphate of the Blood Following Transection of Spinal Cord 
between First and Second Dorsal Segments. 


Dog 2 

Date 

Interval 

after 

opera- 

tion 

Blood 

Remarks 

Inor- 
ganic P 

Scram 

Ca 


1917 

hrs. 

«.*£• 

ir.s. 


<? 

2/15 


3.46 

9.9 

Previous to operation 

8.S kg. 

2/15 

2 

3.60 

13.2 

Good recover}'. Complete flaccid paralysis 






below level of lesion. Incontinence of urine 


2/16 

21 

3.44 

15.0 

Milk 100 cc. 



26 


11.1 



2/17 

44 

4.02 

6.1 

Wound infected. Milk 500 cc. 



52 

3.SG 

10.1 



2/18 

74 

3.94 

7.9 

Condition good. Pulse 125, respirations 14. 






Milk 600 cc., bread 10 to 20 gm. 



days 





2/19 

4 


11.0 

Blood CCL 49.95. Condition good. Pulse 


) 




116, respirations 60, temperature 38°. Re- 






flexes hyperactive. Milk 400 cc. 


2/20 j 

5 


9.6 

Pulse 120, respirations 70, temperature 38.2°. 






Milk 400 cc. 


2/21 

6 

3.7S 

9.S 

Temperature 38°, respirations 22. Milk 250 






CC. 


2/22 

7 


9.0 

Killed. Wound infected. No meningitis. No 






pneumonia 


operations. The results can be summarized by the statement that 
there was no significant change. 

In two instances the cord was divided in two places. In one animal 
section was made first at the upper dorsal segment and some days 
later at the seventh cervical level, and in another it was cut first be- 
tween the seventh and eighth cervical segments and 2 days later at the 
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third dorsal level. In neither case was the calcium level altered 
significantly. In fact, among a total of fourteen operations on the 
cord at various levels, definite and striking changes could be brought 
about only following section at the upper dorsal segments. 

It was thought that the disturbance in the calcium might be due to 
an effect on the parathyroid glands through the nerves which regulate 
their activity. The nerve supply of the parathyroids has not been 
worked out with the same completeness as that of the thyroid gland. 
In order to test this hypothesis the thyroid and parathyroid glands 
were removed to observe whether the diminution of calcium which is 

table m. 


Thyrc parathyroidectomy Followed by Transection of Spinal Cord a! Third Dorsal 

Segment. 


nog 3 

Date 

Interval 

Blood 

Remarks 

opera- 

tion 

Inor- 

ganic? 

Serum 

Ca 


1927 

hr s. 

ng. 

mg. 


Mongrel 

i/\9 


2.86 

10.1 

Thyroidparatkyroidcctomy 

9 


Vi 


8.2 


12 kg. 


5 


7.8 

Pulse 80, respirations 60, temperature 38.5° 



221 

2.74 

8.0 

Pulse 110, respirations 80, temperature 38.5°. 






No tetany. Sensitive to noises 


4/20 

24 



Section of spinal cord 



1 

3.52 

11.1 

Hoarse barking. Respirations 35 to 72 



5 

3.51 

6.7 

Rapid shallow breathing. 400 cc. water 


4/21 

21 


6.2 

500 cc. water. Killed 


brought about by this means could be raised by subsequent division of 
the spinal cord at the upper dorsal segment. Table III shows the 
result of this procedure. It wall be noted that 5 hours subsequent to 
parathyroidectomy the serum calcium had fallen from 10.1 to 7.8 mg. 
per cent, and a condition of latent tetany had developed. The follow- 
ing day the cord was sectioned at the third dorsal segment. One hour 
later the calcium had risen to somewhat above the original percentage, 
namely to 11.1 mg.. In other words, the rise in calcium which followed 
division of the spinal cord was not to be ascribed to a stimulative 
effect on the parathyroid glands and appeared quite independent of 
them. 
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It is impossible at present to explain the marked alteration in the 
percentage of calcium resulting from section of the spinal cord. The 
only procedure which is known to produce a similar effect is the in- 
jection of parathyroid extract. It would seem as if the alteration 
must be due to a disturbance of the sympathetic system. The anat- 
omy of these nerves and centers within the spinal cord has not, how- 
ever, been determined with sufficient accuracy to enable one to esti- 
mate the validity of this interpretation. Some years ago Biedl (5), in 
a paper on the splanchnic centers, described spinal centers of the 
sympathetic at the boundary between the cervical and dorsal cord, 
concentrated mainly between the eighth cervical and second dorsal 
but extending down even to the fifth dorsal segment. These cells 
varied in their sites within the cord at different levels. More recent 
anatomic studies of the spinal centers of the vegetative nervous system 
have served to locate them in the intermediary lateral tract of the 
cord. According to Mueller (6), who recently has reviewed tins sub- 
ject, no studies of these cells have been carried out in cases of tabes or 
of syringomyelia. It would seem that at the present time little can be 
gained by bringing forward further hypotheses in connection with the 
phenomenon which we have described. 

CONCLUSIONS. 

A marked rise and disturbance in equilibrium of the calcium in the 
blood was brought about by section of the spinal cord in the upper 
dorsal segment. This reaction, however, was not constant. 
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RECENT STUDIES ON METHODS OF ISOLATING A BAC- 
TERIOPHAGE FOR BACILLUS DIPHTHERLE. 

By JULIUS A. KLOSTERMAM and KATHRYN W. SMALL, M.D. 

(From the Laboratories of the Department of Bacteriology, College of Dentistry, 
New York University, New York.) 

(Received for publication, November 1, 1927.) 

D ’Herelle, Fejgin and Blair (1-3) have published accounts of their 
success in isolating a lytic principle for B. diphtheria. In the light of 
increasing interest in studies of bacteriophagy in general, it appears 
advisable to contribute to the available literature additional experi- 
mental data pertaining to the isolation and activity of a true bac- 
teriophage for B. diphtheria. 

The writers have exercised particular care to utilize only toxic 
strains of B. diphtheria throughout their entire investigation. The 
purpose was to secure a phage active against virulent strains, to be 
used in proposed subsequent experiments. 

Unfortunately, d ’Herelle has given insufficient information con- 
cerning the details of his investigation on antidiphtheria bacterio- 
phages. Hence duplication of his researches for corroboration could 
not be attempted. However, the two phages which he reported to 
have isolated from the feces of diphtheria antitoxin horses were active 
only upon atoxic strains of B. diphtherias. The mode of detecting 
the bacteriophagic activity was not disclosed in the instance of this 
particular phage. 

Fejgin briefly describes having isolated a diphtheria phage from a Martin 
bouillon culture of B. diplithcrix several weeks old. In an effort to demonstrate 
the activity of this phage on agar, she secured but a single plaque, in the center of 
which one bacterial colony subsequently developed. Unfortunately she was un- 
able to proceed with her investigation as the tube was broken in handling. 

Blair, on the other hand, reported isolations of antidiphtheria phages with com- 
parative case from three distinct sources. He based these findings entirelv upon 
the degree of clearness of broth cultures containing the filtrate to be tested for 
phage, as compared to the turbidity of the broth culture controls. In no instance 

121 



122 


ISOLATION OF BACTERIOPHAGE 


has lie included accounts of antidiphtheria phage activity on agar. The latter 
characteristic, according to the most recently developed technical procedure, 
appears to be absolutely necessary in establishing the fact of true bacteriophagy. 
Lytic action based wholly upon apparent lysis in broth cultures may be due, 
particularly if not capable of serial transfer, to inhibitory or enzymatic substances 
which by chance are present in the suspected filtrates rather than to a real bacterio- 
phage. Another extremely important factor which also decides the genuineness 
of a bacteriophage is the well known characteristic of cultivation by successive 
transferring with the microorganism for which it is active. Blair gave no indica- 
tion that his phages were propagatable. 

The following protocols outline the procedure used in the attempt 
to isolate an antidiphtheria phage. Four cardinal principles were 
rigidly adhered to — first, the use of only definitely toxic strains, second, 
requiring all suspected phages to show activity on agar slants as well as 
in broth, third, carrying all tests on filtrates through two or more 
transfers before discarding because of lack of visible phage action, 
fourth, requiring that any suspected phage be capable of propogation 
by subculturing in the presence of a toxic strain of B. diphtheria. 
Fecal material collected from either human or animal sources was 
treated as follows. Approximately a cc. of feces was placed in 20 cc. 
of broth (pH 8.2) and allowed to incubate overnight at 37°C. It was 
then filtered through infusorial earth packed in a Buchner funnel. 
The filtrate was finally passed through a Berkefeld filter (u>) . 

The first attempt at isolation was made by using the feces of an 
active case of diphtheria. 1 The infecting organism was isolated from 
the throat of this patient and was made use of in the following proce- 
dure. It is referred to as the homologous strain. Eleven stools were 
examined. The first specimen was taken on the 5 th day of illness and 
the others at intervals for the next 2 weeks covering course and con- 
valescence. Of the eleven stool filtrates eight were tested upon one 
homologous and two heterologous strains. Two were tested upon one 
homologous and five heterologous strains. One was tested upon one 
homologous and six heterologous strains. In no instance was there 
any indication of the presence of a phage. 

Next a 33 day old culture in 30 per cent serum broth of a recently 
isolated virulent strain of B. diphtheria: (Strain A) was filtered and used 

1 The authors wish to thank Dr. W. H. Park for his kindness in making arrange- 
ments to secure the materials used in these experiments. 
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as a potential source of a phage. It ivas tested against the seven 
strains of B. diphtlieris which included its homologous strain and gave 
entirely negative results. 

The third source tested for the presence of an antidiphtheria phage 
•was the intestinal contents and peritoneal washings of guinea pigs 
inoculated with diphtheria cultures (Tables I and II). 

TABLE i. 

Test Animals. 


Showing animal inoculations, time of death, result at autopsy with respect to 
signs of diphtheria toxemia and result of test for phage activity on intestinal 
contents and peritoneal washings . 


Infecting strain 
used 

Broth suspension, 1 cc. 

Broth culture, 1 cc. 

Intrapentoneal j 

Subcutaneous 

Subcutaneous 

£ 

tC 

*£ 

rt 

c 

'5 

1 ° 

rS 

c 

1 Q 

tc 

C 

*5 

c 

>> 

c. 

o 

3 

o.: 

tc. 

e ' 
1 

o 

| 

| 

G. 

£ 

> 

u 

a 

& 

c 

*c 

2 

c. 

c 

c 

C- 

£ 

tc 

*E. 

tS 

o 

C 

6 

rt 

b 

Q 

E 

C 

13 

>> 

a: 

C. 

o 

Intestinal contontn 1 Plinge 

> 

u 

e 

5 

c 

1 

1 

c 

G 

9 

6 

£ 

tc 

ei 

o 

£ 

6 

a 

(J 

C 

& 

£ 

c 

cs 

>. 

E 

c 

< 

o. 

tc 

a 

JZ 

P- 

•J 

«-» 

C 

© 

| 

"c 

£ 

*5 

© 

c 

>. 

> 

u 

e 

& 

;_c 

JZ 

tl 

1 

c 

o 

*C 

£ 



hrs. 





; hrs. 





hrs . 




B. diphtheria: \ 

i 

48 

+ 

— 

— j 

4 

48 

+ 

— 

— | 

6 

48 

+ 


— 

Strain M 1314 
















B. diphtheria: 

2 

24 

+ 

— 

— 

5 

48 

+ : 

— 


7 

Killed at 

— 

— 

— 

Strain A 












48 




B. diphtheria: 

3 

48 

4- 

— 

— 






8 

48 

~r 

— 

— 

Strain F 



(also peri- 
















toncal 
















abscess) 














Eleven animals were used of which eight served as test pigs and three as con- 
trols. Three toxic strains of B. diphtheria; were employed, namely Strain M 1314, 
Strain A and Strain F. The first two had been isolated 7 months ago while the 
third was isolated 3 weeks previously. Three different types of inoculations were 
made in the case of two strains, while only two of these were employed with the 
third strain. Hence altogether eight guinea pigs were used as test animals The 
. ” f ’"orations resorted to were first, 1 cc. of a suspension made by emulsi- 

fying the bacterial mass of an 18 hour scrum agar slant in 5 cc. of broth, adminis- 
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tered intraperitoneally; second, the same material administered subcutaneously 
and third, 1 cc. of a 48 hour broth culture given subcutaneously. 

One control pig was used for each of the three strains of B. diphtheria;. In each 
case the pig received a subcutaneous inoculation of 1 cc. of a 48 hour broth culture 
of its assigned strain and in addition two hundred units of diphtheria antitoxin 
given intraperitoneally. These controls served as an indirect check on the toxin- 
producing property of the listed strains. In other words they were included for 
the purpose of demonstrating that all of the strains used produced toxin which 
was neutralized by a specific antitoxin. 

The results were as follows. One test animal (No. 2) receiving an intra- 
peritoneal inoculation of a suspension of Strain A died in 24 hours. The autopsy 
revealed signs of diphtheria toxemia which were the presence of a serous exudate in 
the peritoneal cavity, congestion of the peritoneum and enlargement and congestion 
of the adrenals. Six other test pigs (Nos. 1, 3, 4, 5, 6, 8) died in 48 hours with 

TABLE II. 

Control Animals. 


Showing animal inoculations used to control specificity of toxin produced by 
listed strains. 


Infecting strain used 

Diphtheria 

antitoxin 

administered 

subcutaneously 

Guinea 

pig 


Broth culture (subcutaneous) 

No. 

Death 

Autopsy findings 

B. diphtheria; 

Strain IT 1314 

200 units 

9 

11 days \ 

Cause of death undetermined (no 
signs of diphtheria toxemia) 

B. diphtheria; 

Strain A 

200 units 


4 days 

Streptococcus infection (no signs 
of diphtheria toxemia) 

B. diphtheria; 

Strain F j 

200 units 


Alive 

, 



positive signs at autopsy. The remaining test pig (No. 7) having received a sub- 
cutaneous broth inoculation of Strain A was killed and autopsied with negative 
results, however. 

One control (No. 11) was alive on the 20th day. A second control (No. 10) 
died on the 4th day. Before inoculation the latter pig showed a fluctuating swell- 
ing of the perineal region. At autopsy there were no signs of diphtheria toxemia. 
However, there were soft swollen inguinal and retroperitoneal lymph nodes (bilat- 
eral) and an enlarged, congested spleen. Smears from the lymph nodes showed 
many Gram-positive cocci in long chains. Hence the animal probably succumbed 
to an acute streptococcus infection, the focus of which was the lesion observed 
before inoculation. The third control (No. 9) died on the 11th day and autopsy 
failed to reveal the cause of death but certainly there was no indication that it 
was due to diphtheria toxemia. 
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At autopsy one of the intraperitoneal suspension pip (No. 3) showed a small 
peritoneal abscess at the site of inoculation. A smear and culture from the lesion 
showed B. diphtheria;. The abscess and surrounding wall were emulsified in broth, 
incubated and filtered. 

This filtrate and those made from intestinal contents and from peritoneal 
washinp of the eight pigs which received culture without antitoxin were examined 


TABLE ni. 


Results of phage activity of filtrates of feces from antitoxin horses on strains of 
B. diphtherias. 

Results indicated are those recorded after two transfers. 


Strains of 


Filtrates from feces of antitoxin horses 


B. diphtheria 

149 

152 

161 

87 

143 ' 

144 

B 

— 

— 

— 

— 

— 

— 

C 

D 

E 

Park 8 


, 


- 

- 

- 

&I 1314 

— 

— 

— 

— 

— 

— 


Blank space indicates these combinations were not tested. 


TABLE XV. 


Results of phage activity of filtrates of feces of five additional antitoxin horses 
on seven strains of B. diphlhcrix. 

Results indicated are those recorded after two transfers. 


Strains of 

B. diphtheria 

Filtrates from feces of antitoxin horses 

165 

142 

156 

136 

154 

A 
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— 

— 





IS 
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— 

— 

— 

C 
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— 




n 

— 

— 





E 

— 

— 





_ 

ParkS 

— 

— 






.If 1314 

1 - 

— 

-i- 

» 

- 

- 


for the presence of phage. Each filtrate was tested on its homologous strain and 
ga\c negative results. Then all filtrates were tested on two heterologous strains 
of B. diphlhcrix and six of the filtrates were additionally tried on six other heterol- 
ogous strains of It. diphthcrix. All results were negative (Table I). 
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The final attempt to isolate an antidiphtheria phage was conducted 
by using the filtrates of feces emulsions of antitoxin horses. The 
feces of six horses 2 retained at Otisville (for the New York City 
Department of Health) for the production of diphtheria antitoxin 
were emulsified, incubated and filtered according to the usual pro- 
cedure. Of these six filtrates three were tested on three strains of 
diphtheria and three were tried on six strains. As the toxin of Strain 
Park 8 is used for the stimulation of antitoxin in these horses, it is 
regarded as the homologous strain. All efforts to isolate a phage 
from these filtrates failed (Table III). 

table v. 

Observations on specificity of two generations of antidiphtheria Phage 156 
M 1314 on Strains of B. diphtheria ;. 

Results indicated are those recorded after two transfers. 


Strains of B. diphtheria 

Antidiphtheria Phage 156 Af 1314 
Generation 11 

Antidiphtheria Phage 156 M 1314 
Generation 23 

A i 

— 

— 

B 

— 

— 

C 

— 

— 

D 

— 

— 

E 

— 

— 

F 


+ 

G 


+ 

ParkS 

- 


M 1314 

+ 

+ 


Blank space indicates these combinations were not tested. 


Filtrates from five other horses immunized with diphtheria toxin 
showed activity against one of these strains. This is the only instance 
in which the authors secured an antidiphtheria phage (Table IV). 

The filtrate of Horse 156 showed lysis of ilf 1314 in broth and on 
agar in the second generation. The test broth was only slightly less 
turbid than the control and on agar phage activity was evident only 
in the form of isolated plaques. The fourth generation showed con- 
fluent plaques on the agar. The successive generations in broth 
gradually showed more and more lysis but even in the twenty-second 

2 The toxin used to immunize these horses consisted of the supernatant fluid of 
broth cultures which were allowed to sediment. 
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generation lysis is not complete. 500 units of concentrated diph- 
theria antitoxin were mixed with culture and phage in broth to coun- 
teract any undesirable action of toxin upon phage activity. There was 

TABLE VI. 


Observations on specificity of antidiphtberia Phage 156 M 1314 tested on 
eighteen strains of microorganisms other than toxic B. diphtherias. 

Results indicated are those recorded after two transfers. 


Microorganisms 

Antidiphthena 
Phage 156 if 1314 
(Generation 16) 

Diphtheria-liLe Strain 1154 (non-toxic) 

— 

Diphthena-iike Strain 1175 (non-toxic) 

— 

Diphthena-liLe Strain 1178 (non- toxic) 

— 

Diphtheria-like Strain U B (non-toxic) 

- 

B xerosis 

— 

B hofmann 

- 

Staphylococcus aureus 

— 

Staphylococcus albus 

— 

Staphylococcus cilreus 

— 

B colt commumor 

— 

B dyscnlenx Shiga 

— 

B dyscnlenx Flexner 

— 

B dysenlcnx Mt Desert 

— 

B typhosus (Pfeiftcr) 

— 

B parols pi osus A 



B paratyphosus B 



Cholera-lihc 



B subtihs 

- 


TABLE VII. 


Observations on thermal inactivation point of antidiphtheria Phage 156 M 1314 


Temperature 

30 mm exposure 

45 mm exposure 

•c 



so 

Acti\ c 

Active 

55 

1 


00 







no apparent difference in end-result between the test containing 
antitoxin and the control without antitoxin as far as lysis due to phage 
activity was concerned. 
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Two later specimens of feces from Horse 156 were tested for the 
presence of phage and were found negative. 

The blood serum of Horse 156 whose first specimen of feces gave 
positive results on M 1314 was tested on this culture but failed to give 
evidence of a phage. 

The specificity of Phage 156 M 1314 was studied. The eleventh 
generation was tested on six diphtheria strains other than Strain M 

TABLE VIII. 

Results of using non-diphtheria phages in conjunction with B. diphtheria: 
Strain M 1314 for determining whether or not these known bacteriophages are 
active on this strain. 

Results indicated are those recorded after two transfers. 


Name of phage 

Source of phage 

Organism on which phage 
is active 

Genera- 

tion 

of phage 

Activity 
on B. 
diphtheria 
Strain 
it 1314 

Coli 

Not recorded* 

B. dyscntcrix 

Mt. Desert 

10 

- 

Coli 

East River water 

B. coli communior 

5 

— 

Coli 

Bellevue sewer water 

B. coli communior 

5 

— 

Coli 

Willard Parker sewer water 

B. coli communior 

7 



Coli 

Normal cat feces 

B. coli communior 

8 

— 

Dysentery 

Feces from case of typhoid 

B. dyscntcrix Shiga 

5 

- 

Dysentery 

Sample from pail of milk just 
collected by farm hand 

B. dyscntcrix Shiga 

9 


Dysentery 

Human saliva pooled from six 
sources 

B. dyscntcrix Shiga 

12 


Typhoid 

Feces from case of dysentery 

B. typhosus (Pfeiffer) 

6 

— 


* This phage was supplied through the courtesy of Dr. J. J. Bronfenbrenner 
to whom the authors are also indebted for valuable suggestions and for his kindness 
in reviewing this paper. 


1314, with negative results. The twenty-third generation was tested 
on the same six strains and two additional ones. It was active against 
the latter two. These two strains, namely Strain F and Strain G as 
well as Strain M 1314, were all recently isolated; that is within 6 
months (Table V). 

The sixteenth generation of antidiphtheria Phage 156 M 1314 was 
tested on eighteen different strains of microorganisms other than 
toxic B. diphtheria with negative results (Table VI). 
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The thermal inactivation point of Generation 23 of antidiphtheria 
Phage 156 M 1314 was found to lie between 50°C. and 55°C. (Table VII). 

Generation 22 was titrated by a modified broth dilution method (4). 
In carrying out the final transfer, however, the authors substituted 
filtration for heating as this phage is inactivated at a comparatively 
low temperature. The phage showed activity w r hen it was present 
in a 1 X 10~ 9 dilution. 

Nine non-diphtheria bacteriophages of high titer previously isolated 
from various sources were tested for the purpose of determining 
whether or not they were active on B. diphtheria; Strain M 1314 
(Table VIII). 


SUMMARY. 

Of the attempts to isolate an antidiphtheria phage (1) from stools 
collected daily during the course of a case of the disease, (2) from a 33 
day old broth culture of B. diphtheria 3, (3) from intestinal contents 
and peritoneal washings of guinea pigs inoculated with three different 
toxic strains of B. diphtheria;, none yielded an antidiphtheria phage. 
However of eleven specimens of feces collected from eleven antitoxin 
horses one was found to contain a bacteriophage active against B. 
diphtheria:. This phage was not observed in the first generation and 
did not show up until transferred the second time. Had the results of 
the first transfer been regarded as final in all certainty the existence of 
a phage would not have been recognized. Two additional specimens 
of feces from the positive horse (No. 156) were later tested to deter- 
mine whether this bacteriophage was continually present in the 
intestinal tract of this animal. Both of these feces filtrates failed to 
yield a phage. Later a sample of freshly collected blood serum from 
the same horse was tested and found not to contain a phage. 

The antidiphtheria phage was tested against eighteen non-diph- 
theria strains of microorganisms to determine whether it would show 
lytic activity for related or unrelated bacteria. There was no evi- 
dence of lysis in any of these types. The specificity of this phage was 
also tested on nine strains of B. diphthcrix and found to be active on 
three heterologous strains (Strain M 1314, Strain F and Strain G). 
These incidentally were all recently isolated. It failed to lyse the 
remaining six strains of which five were recently isolated. 
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B. diphtherial Strain M 1314 was used in combination with nine 
heterologous bacteriophages isolated from various sources, to deter- 
mine if any of these phages would by chance lyse this culture. The 
results were all negative. 

To date this phage fails to show complete lysis although the twenty- 
second generation has a titer of 1 X 10 ~ 8 . 

Additional proposed experiments involving this phage are being 
planned and will be undertaken in the near future. 
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INTRODUCTION. 

Avery and Heidelberger and their associates (1-4) have presented 
convincing evidence that the virulent pneumococcus cell contains two 
different types of antigens: (1) a type-specific antigen (SP) which 
gives rise to a type-specific antibody; (2) a species-specific antigen 
(P) 1 which gives rise to a species-specific antibody. The type- 
specific antigenic complex is contained in the intact cell of strains 
possessing the soluble specific substance; immunization of a suitable 
animal with suspensions of pneumococcal cells invokes a type-specific 
antibody which reacts specifically with the soluble specific substance 
whether contained in solution (S-precipitation) or disposed on the 
periphery of the bacterial cell (agglutination) ; the same antibody is 
also apparently the one responsible for the passive protection of mice, 
at least against Type II pneumococci (5). The species-specific 
antigen, in contrast to the type-specific one, gives rise to an antibody 

* Mr. Gaspari’s cooperation in this work was made possible by a grant from The 
Henry Strong Denison Medical Foundation. 

1 The term species-specific “antigen” is used in the inclusive sense of Avery and 
Heidelberger (1, 2) to refer to the protein (mainly nucleoprotein and mucoid) 
which reacts with the species-specific prccipitins that are invoked by immunization 
with protein derived from all types of pneumococci. It is not important in this 
paper that the protein may include a number of separate but unrecognized anti- 
gens, provided they arc sufficiently alike in chemical and physical properties to be 
aflcctcd in similar manner by heat. 
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reactive with the protein derived from all types of pneumococci. 
This antibody is especially prominent in the immune serum obtained 
by the injection of solutions of the pneumococcus nucleoprotein (3) 
or of filtered solutions of the endocellular substances which are liber- 
ated when pneumococci are dissolved by bile or disintegrated by 
freezing and thawing (4). The prominence of these species-specific 
antiprotein precipitins in the immune serum invoked by solutions of 
pneumococci is due to the absence of the type-specific antibody which 
is dominant in the usual antibacterial serum obtained by injection of 
the intact cells. However, certain amounts of the species-specific 
antibody are also present although seldom so prominent, in the type- 
specific immune serum. 

Although both anti-S and anti-P occur together in the usual anti- 
bacterial serum, sufficient evidence (1-4, 6) has been presented to 
prove that each of the antibodies is distinct and separate and that each 
is invoked by a distinct and separate antigen. The present investi- 
gation proceeds upon that basis, and consists of a comparison of the 
effect of heating of the immunization material (suspensions of pneu- 
mococci) upon the antibody-invoking property of the type-specific 
(SP) and species-specific (P) antigens of Type II pneumococcus cells. 

Any comparison of the influence of heat upon the antibody-invoking 
effectiveness of antigens should take into account the size of the doses 
injected into the animals, the total amount of antigenic material, 
number of injections or stimuli, and the length of time of the immuni- 
zation. Although these factors are frequently ignored, it is obvious 
that comparisons of the effectiveness of unheated antigen with heated 
antigen are of little value if the dosages of total antigen are greatly in 
excess of that required for the maximum immunity response of the 
animal (7). All these factors were carefully controlled in our experi- 
ments; the animals were immunized with two different dosages and the 
sera tested at different stages of the immunization. While individual 
differences are to be expected, and were encountered, in the degree of 
responses of the individual rabbits, a sufficient number of rabbits (41) 
were included to furnish a valid basis for a comparison of the influence 
of heat upon the effectiveness of the antibody-invoking property of 
the type-specific and species-specific antigenic constituents of Type II 
pneumococci. 
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la one sense, the species-specific antigen (P) can be considered an endocellular 
antigen contained inside of the type-specific pneumococcal cell. Since these 
bacteria autolyze readily, the suspensions of pneumococci employed in routine 
immunizations contain significant amounts of free intracellular substances in 
solution; and, as pointed out by Avery and Heidelberger (2), animals injected 
with such material receive, in fact, a mixture of varying proportions of free or 
dissociated P together with the undissociated type-specific antigenic complex. 
This free P can be expected to give rise to species-specific antibody and thus the 
amount of autolysis which has occurred in vitro before injection of the material 
is certainly a factor in determining the species-specific antibody response. Pre- 
cautions to avoid the presence of autolytic products were especially necessary with 
the unheated bacteria which autolyze more rapidly in vitro than do the heated cells, 
and for this reason fresh bacterial suspensions were prepared at least every 2nd 
day. However, in spite of all precautions, it is doubtful whether it is possible to 
obtain a suspension of pneumococcus cells, either heated or unheated, in which 
no cellular changes (freeing of the P) have occurred. Since dissolution of pneu- 
mococci takes place in the animal body, in vivo lysis should also be considered a 
possible source of the species-specific antigen when animals are immunized with 
suspensions of pneumococcus cells (2). In the present investigation, both pos- 
sible sources of the species-specific antigen are considered since both filtered solu- 
tions of intracellular substances and vaccines with the minimum of autolysis were 
employed as immunization material. 

EXPERTMETAL. 

Tests of the Immune Sera .— The immune sera were tested for type-specific and 
species-specific antibodies by the same general methods as those employed at the 
Hospital of The Rockefeller Institute (6). The type-specific antibody (anti-S) 
was recognized by three methods: (1) precipitation of the soluble substance from 
solution; (2) type-specific agglutination of broth cultures of the homologous 
strain; (3) passive protection of mice (8). The precipitation of the soluble sub- 
stance (S) was tested with filtrates of young, unautolyzed broth cultures of pneu- 
mococci; the substitution of these fluids for solutions of the purified S substance 
being justifiable since they were devoid of the species-specific protein and con- 
tained no other detectable serologically reactive substance other than the type- 
specific S which is liberated in the early growth of pneumococci- The tests for 
the species-specific antiprotcin precipitin were made with a filtered solution of 
Type I pneumococcus cells in which the species-specific antigen is the only sub- 
stance reactive with Type II immune scrum. 

Experiment 1. Influence of Ileal upon the Antibody-Invoking Properties 
of the Protein Contained in Solutions of Pneumococcus Cells. 

Solutions of pneumococcus cells lack entirely the effective antigenic complex 
which is responsible for the production of the type-specific antibody invoked 
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by suspensions of intact pneumococcus cells and hence the dominant antigen 
contained in the bacterial solutions is the species-specific protein (P) which gives 
rise to anti-P precipitins. Although our primary interest was in a study of the 
conditions determining the relative proportion of the two types of antibodies 
(anti-S and anti-P) invoked by the intact bacterial cells (vaccine), the first step 
in the investigation consisted of a study of the influence of heat upon the antibody- 
invoking property of the protein as contained in the cellular solutions. Previous 
experiments (9) had shown that the anti-protein precipitin response was slightly 
diminished by heating pneumococcus solutions for 10 minutes at 55°C. and greatly 
decreased by boiling. In the following experiment, the bacterial solutions were 
heated for 30 minutes at 55°, 75°, 100°, and 1 20°C., and the antibody-invoking 
activity of the heated solutions was compared with that of unheated pneumococcus 
solutions. In order to make the comparison more valid, two test doses were em- 
ployed, one of which was 20 times as great as the other; the use of the two dosages 
furnishing a basis to compare the antigenic effectiveness of small amounts of the 
unheated solution with the effectiveness of large doses of the heated material. 
Test bleedings were made after two and after five courses of injections; the exam- 
ination of the sera after two different periods of immunization furnishing a basis 
for comparison of the effectiveness of unheated and heated antigenfrom thestand- 
point of the relations of the total amount of antigen and of the number of injec- 
tions required to invoke comparable immunity responses. The results are sum- 
marized in Table I. 

The results of this experiment (Table I) showed that heating for 30 
minutes at any temperature between 55° and 1 20°C. reduces the anti- 
body-invoking activity of the species-specific protein contained in 
solutions of pneumococcus cells. Two courses of injections with a 
small dose (0.1 cc.) of the unheated solution invoked a more effective 
response than was obtained by immunization with the heated material, 
not only when the doses of unheated and heated material were equal 
but also when the dosage of heated material was 20 times as great as 
that of the unheated antigen solution. The same effect was evident 
when the immunization was continued to a total of five courses of 
injections: although the prolonged immunization with heated solu- 
tion caused some increase in the anti-P precipitin content of the sera, 
the antibody responses to the heated antigen were always smaller and 
approached that invoked by the unheated material only in animals 
which had received doses 20 times as large as those required when the 
unheated solution was used. Thus, a comparison of the response to 
the unheated pneumococcus solution with the response to the heated 
solutions, shows that 30 minutes exposure to temperatures from 55° 
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to 120°C. diminished the effectiveness of the species-specific protein 
antigen, both from the standpoint of the degree of antibody response 
to equal doses of unheated and of heated solution, and also from the 
standpoint of the amount of total antigen (dosage) and number of 
injections required for an effective response. 


TABLE i. 

Influence of Heal upon the Antibody-Invoking Properties of Solutions of 
Pneumococcus Cells. 


Antigen used in immunization: 

Species-specific protein predpitins (anti-P) 

Type -specific 

antibodies 

(anti-S) 

Pneumococcus cell solution 

Serum after 2 courses ! 
of injection 

Serum after 5 courses 
of injection 

Serum after 

5 courses of 
injections 

Treatment of antigen 

Size of 
dose 
injected 


Protein « 

;olution 


Agglutinins 

Anti-S 
predpidns 
Passive protec- 
tion 

Undiluted 

1/10 

diluted 

Undiluted 

1/10 

diluted 

Unhcated 

cc. 

0.1 

4-4- 

4- 

4-4-4- 

mm 

0 

Heated 30 min. at 55°C. 

0.1 


0 

4- 

pi 

0 


2.0 

4- 

— 

4-4- 

is 

0 

1 

Heated 30 min. at 75°C. 

0.1 


0 


i 

0 

0 


2.0 

4- 1 

4- 

4-4- 

-r 1 

0 

Heated 30 min. at 100°C. 

0.1 


0 

-t- 

0 

0 


2.0 

J- 

~L- 

~r 


0 

Heated 30 min. at 120’C. 

0 1 

0 

0 

0 

0 

0 


2 0 

-t- 

0 


0 

0 


0 — no detectable reaction; ± = faint cloudiness without sedimentation; 
+ - cloudiness with slight sedimentation; ++ = marked cloudiness with mod- 
erate sedimentation; + + 4- = marked cloudiness with large amounts of sediment. 


A comparison of the responses to equal doses of the solutions which 
had been heated at different temperatures shows a more or less gradual 
diminution of the antibody-invoking property with increase in the 
temperature. The solution heated for 30 minutes at 55° or at 75°C. 
induced somewhat better responses than did the solution heated at 
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100°C. but the difference is less than that between the unheated solu- 
tion and the solution heated at any of the test temperatures. While 
heating at 120°C. almost completely destroyed the antigenicity, pro- 
longed immunization with the larger dose (2.0 cc.) invoked a weak 
anti-protein response. 

The retention of some degree of antigenicity by the P substance of 
Pneumococcus after 30 minutes exposure to 120°C. is especially in- 
teresting in view of the relatively large loss in activity which follows 
heating at only 55°C. The antigenic effectiveness of coagulated 
proteins (9) involves fundamental questions which are encountered in 
the study of enzymes as well as in immunology, i.e., whether the 
diminished but not destroyed response is due to a partial but common 
inactivation of all of the protein molecules, or to traces of active sub- 
stance which remain uncoagulated at the final end-point of the coagu- 
lation reaction, or perhaps to a gradual in vitro or in vivo reversal of 
the coagulated protein to its original form. 

Experiment 2. Influence of Heating at Different Temperatures upon the 
Antibody-Invoking Properties of Suspensions of Pneumococcus 

Cells. 

The following experiment dealt with a comparison of the influence of the tem- 
perature of heating upon the antibody-invoking properties of suspensions 
of pneumococcus cells. In contrast to the solutions of bacterial substances 
studied in the preceding experiment, the suspensions of the bacterial cells contain 
two effective antigens: the antigenic complex (SP) which gives rise to the type- 
specific (anti-S) antibodies, as well as the species-specific antigen (P) which 
gives rise to the species-specific (anti-P) antibodies. Hence, this experiment 
consisted essentially in a comparison of the influence of the different temperatures 
upon two types of antigens (type-specific and species-specific) both of which are 
contained in the same pneumococcus cell. 

The bacterial sediment of a centrifuged 12 hour broth culture was resuspended 
in one-tenth volume of salt solution, so that 1 cc. of the suspension was equivalent 
to 10 cc. of culture. The suspension was divided into four equal portions; the 
separate lots were then heated for 30 minutes at one of the following temperatures: 
55°, 75°, 100°, and 120°C. Eight rabbits of approximately the same age and 
weight were selected and divided into two series. The individual rabbits in the 
first series received doses of vaccine equivalent to 0.5 cc. of culture and the individ- 
uals in the second series received doses equivalent to 5.0 cc. of culture; one animal 
in each series being injected with vaccine which had been heated at one of the four 
test temperatures. The immunization consisted of three courses of six daily 
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intravenous injections, with 1 week’s rest between each course. 10 days after 
the last injection, the animals were bled, and the immune serum tested for type- 
specific and species-specific antibodies by the methods described. 

The immune ser um obtained with suspensions of pneumococci which had been 
heated at different temperatures (55° to 120°C.) contained the usual type-specific 
antibodies, regardless of the temperature at which the vaccine had been heated. 
However, the response of the individual animals to the different amounts of the 
same vaccine did not show the definite relation between amount of antigen and 
degree of antibody response which was evidenced in the previous experiment 
with the pneumococcus solutions. The serum from the rabbit injected with the 
smaller dose frequently contained as great an amount of type-specific antibody 
as did the serum obtained from animals which had received doses 10 times as large 
of the same material. Due to the irregularity of response and to the lack of a defi- 
nite difference between the responses to the two test doses of vaccine heated at the 
same temperature, it was impossible to show from this experiment any general 
distinction between the influence of the different temperatures upon the effective- 
ness of the type-specific and species-specific antigens. The results as a whole, 
however, indicated that heating at any temperature had less effect upon the 
effectiveness of the type-specific antigen than upon the effectiveness of the species- 
specific antigen. 

Experiment 3. Comparison of the Antibody ( Type-Specific and Species- 
Specific) Response to Unhealed Suspensions of Pneumococci 
with the Response to Healed Suspensions of Pneumococci. 

The results of the preceding experiment had shown no definite difference be- 
tween the responses to the pneumococcus suspensions which had been heated at 
different temperatures. It seemed probable that a more clean-cut distinction 
between the type-specific and species-specific antigens would be evidenced by 
limiting the comparison to the differences in the antigenic effectiveness of un- 
hcated and heated suspensions, rather than by attempting to show differences 
in the effect of heating at different temperatures. 

In the following experiment, one series of rabbits was injected with unheated 
or live suspensions, and two other series were injected with suspensions heated at 
55° and at 100°C. Since it was desired, if possible, to base our comparisons upon 
test doses which showed some direct relation between dosage and degree of re- 
sponse to the same lot of vaccine, it was decided to increase the difference between 
the test doses employed in Experiment 2, and to use for the larger dose in each 
scries, an amount of vaccine 15 times as great as that represented by the smaller 
dose. The immunization was continued for four courses of injections with bleed- 
ings after the second and fourth courses. The use of two testdosesandthe exam- 
ination of the immune serum after two and four courses of injections furnished a 
more valid basis for a distinction between the effect of heat upon the antigenic 
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effectiveness of the type-specific and species-specific antigensof the pneumococcus 
cell. 

Twelve male rabbits of approximately the same age and weight were divided 
into three series. The first series of four animals received one course of injections 
of pneumococcus suspension which had been heated 8 minutes at 55°C. and three 
courses of unheated suspension. The second and third series of rabbits received 
four courses of the same suspension of pneumococci differing only in that the sus- 
pension had been heated for 30 minutes at 55° and at 100°C., respectively. Two 
rabbits in each series received daily doses equivalent to 0.4 cc. of broth culture, 
and the other two rabbits in the series received doses 15 times as large (equivalent 
to 6.0 cc. of culture). Each course of injections consisted of six daily doses with 
the-usual period of 1 week between the first and second, and between the third 
and fourth courses. Bleedings were made 10 days after the last injection of the 
second and fourth courses, which caused an 11 day rest period between the second 
and third courses. Two rabbits (Nos. 25 and 29) died during the third course 
of injections. 

The results of tests of the immune sera are collected in Table II. 

The results in Table II can be analyzed as follows: After both the 
second and fourth courses of injections, the sera of all of the animals 
which had received the larger amount of vaccine contained a greater 
amount of type-specific antibody than did any of the animals which 
had received the smaller test dose. This is important, for the fact that 
the smaller test dose was less than that required for the maximum 
antigenic response furnishes a more desirable basis for a comparison 
of the effect of heat upon the effectiveness of the two types of pneu- 
mococcus antigens than if both test doses had been above that required 
for the maximum response. 

If a comparison is made of the type-specific antibody responses to 
the larger test dose of vaccine, it is evident that no distinction can be 
made between the sera obtained by immunization with unheated 
pneumococcus cells and that obtained by immunization with suspen- 
sions which had been heated either at 55° or at 100°C. The same 
general relation holds true in the sera obtained by immunization with 
the smaller dose: although none of these sera contain as high a con- 
tent of anti-S antibodies as do the sera obtained by use of the larger • 
dose of vaccine, the use of the unheated bacterial cells did not cause 
a more effective response than did the pneumococci which had been 
heated. The results obtained with the animals immunized with the 
smaller doses are in one respect more convincing than that obtained 



TABLE XI. 

Comparison of Antibody-Invoking Property of Unhealed Suspensions of Pneumo- 
coccus Cells unth Thai of Suspensions Which Had Been Heated 
at Different Temperatures. 


Species-specific anti- 
protein precipitins 


Type specific antibodies 


Antigen used in immunization 

Suspension of pneumococcus cells 4 Serum after 2 courses Serum after 4 courses 

cour es of courses of of injections of injections 

injections injections 


Tyj e II Passite Type II Pasaite 

agglutm ..ftiwt.nrt agglutin- nrn-pctinn 



^ Treatment of 

bit -infii-f-n 


18 Unheated 

19 Unheated 

20 Heated 30 

min at 
55°C. 

21 Heated 30 

min at 
55°C 

22 Heated 30 

min at 
100°C 

23 Heated 30 

min at 
100T 

24 Unheated 

25 Unhcated 

26 Heated 30 

min at 
55°C 

27 Heated 30 

min. at 
55°C 

28 Heated 30 

min at 
100 C. 

29 Heated 30 

mm. at 
100'C. 



protection 

Precipita lns 

tion i-ith ’ I 

i dilution Dilution Dose of Dilution Dose of 

of test of serum culture of serum I culture 


6 0 ± 


6 0 ± 


I/t0 1/80 


H — f-+ xxs r S S 

+4-4- xxx x S S 

+ xxx x S 


xxx 0 S 


xxx x S 


1/10 l/£0 


6 0 — 4- xxx 0 S 


0 4 ± +++ xODS xx 0 S S 

04 ± » xxOS S *«* * 

04 0 0 xxOSSxxOSS 



x S S 

x S S 

S S 


04 0 0 xODS 


04 0 0 xODS 


04 0 * xODS 



* Rabbit died during immunization 
In Tables II and III 0 = no detectable reaction; i = faint cloudiness v. ithout 
sedimentation; + = cloudiness v. ith slight sedimentation , -r- + = marked cloudi- 
ness with moderate sedimentation; + + + = marked cloudiness with large 
amounts of sediment, x *= definite granulation without formation of compact 
tsc, xx - compact di c vith faintlv cloudy supernatant fuid, xxx = compact 

disc w ith clcar supernatant fluid; D = mouse died in 18-00 hours; S = mouse 
survived 7 days. UU5L 
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with the larger test dose, for the fact that the test dose is known to be 
less than that required for the maximum response indicates that the 
lack of any essential difference in apparent antigenic effectiveness is 
not obscured by the injection of excessive amounts of total antigen. 

Quite different relations are revealed in a comparison of the species- 
specific antibody (anti-P) response. In the case of the animals in- 
jected with the larger test dose, the sera obtained by immunization 
with the unheated pneumococci contain much more of the species- 
specific antibody than do those immunized with the heated bacterial 
cells. While the sera of the rabbits receiving the heated material 
increased in their anti-P precipitin content as the immunization was 
continued, it is evident that even after four courses of injections none 
of these animals produced more of the species-specific antibody than 
that invoked in other animals by two courses of injections of the un- 
heated material. The same distinction is revealed in the results 
obtained in the animals which received the smaller test dose. Again, 
the animals which received unheated pneumococci produced more 
anti-P than did those which received the same amount of heated 
bacteria. The distinction between the anti-P response to the heated 
and the unheated bacterial cells is in striking contrast to the apparent 
lack of any difference in the anti-S response to equal doses of heated 
and unheated pneumococcus suspensions. Whether or not the bac- 
terial cells have been heated is apparently the most important factor 
in determining the relative amount of the species-specific antibody in 
antipneumococcus sera, for although size of dose and length of the 
period of immunization also increased the anti-P response to the heated 
bacterial suspension, doses IS times as great of the heated bacteria 
failed to invoke as effective an anti-P response as that obtained by 
small doses of unheated pneumococci. 

These results are of additional interest as further evidence of the 
individuality of the type-specific and of the species-specific antigens of 
Pneumococcus, for the existence of two different antigens which 
are affected to a different extent by heat are required in order to obtain 
immune sera in which the relative proportion of the two antibodies is 
determined by the use of unheated or heated bacterial cells in the 
immunization. 



GASFARJ, SUGG, FLEMING, AND NEILL 


141 


Experiment 4. Comparison of the Antibody Response to Subsequent 

Injections of Unhcotcd and of Seated Pneumococcus Cells by 
Rabbits Previously Immunized with Seated Pneumococci. 

The following experiment differs from the preceding ones in that the animals 
received a preliminary immunization treatment with heated pneumococcus cells; 
and were then divided into two groups, one of which was given additional im- 
munization with heated pneumococci, and the second was given additional immun- 
ization with unheated pneumococci. 

It is a common practice in the preparation of antibacterial serum to employ 
heated bacteria in the first part of the immunization treatment and to inject live 
bacteria in the later stages of the immunization in the hope of increasing the 
protective value of the serum. Since passive protection of mice against Type II 
pneumococci is apparently a function of the type-specific antibody (5), the results 
of the preceding experiments furnished considerable ground for the belief that 
unheated pneumococci would be no more effective than heated bacterial cells in the 
production of a serum of high protective or high agglutinating value. However, 
in view of the possibility of differences in the responses of previously immunized 
animals, the following experiment was designed to compare the responses induced 
by subsequent immunization with unheated bacteria with the responses induced 
when the immunization was continued with heated bacteria alone. All of the 
animals selected for the final test immunization, had responded to previous im- 
munization with the heated bacteria with the production of immune serum of high 
titres of type-specific antibody before the final test comparison of the effect of heat 
upon the bacterial cells injected in the subsequent immunization. 

Eighteen rabbits were immunized with three courses of daily injections of 
heated vaccine, each dose being equivalent to 5.0 cc. of broth culture. The im- 
mune sera were then tested by the usual methods for type-specific and species- 
specific antibodies. From the original eighteen animals, twelve were selected for 
the final test comparison. Six rabbits which gave weak responses to the prelim- 
inary immunization were eliminated from the experiment. Each of the selected 
twelve rabbits had produced, in response to the preliminary immunization, sera 
which contained high and approximately equivalent amounts of the usual type- 
spccific antibody (anti S precipitins, agglutinins, and passive protective action). 
Since the preliminary immunization consisted of eighteen injections of relativelv 
large amounts of vaccine, it was assumed that at this stage the animals had had 
sufficient immunological stimulus to invoke an anti-S response approximately 
equivalent to the responding capacity of the individual animals. It is obvious, 
thus, that the following comparison of the effect of subsequent immunization with 
uuheated and with heated bacterial cells, was limited to animals which had already 
given c ride nee of effective response to heated pneumococci and which had in fact 
already produced as high titres of type-specific antibody as is usuallv obtained in 



142 


ANTIGENS OF TYPE II PNEUMOCOCCUS CELLS 


Type II antipneumococcus rabbit serum. None of the animals had produced 
more than the small amount of the species-specific antibody commonly found in 
antipneumococcus serum of rabbits immunized with heated vaccine. 

These twelve previously immunized rabbits were then divided into two series: 
Series A received heated pneumococci in the subsequent immunization ; Series B 
received the same amount of unheated pneumococci; the subsequent immuniza- 
tion consisted of two courses of six daily injections of bacterial suspension equiva- 


TABLE III. 

Comparison of the Antibody Responses to Subsequent Injections of Unhcatcd and 
Heated Pneumococci by Rabbits Previously Immunized 
with Heated Pneumococci. 




Type-specific antibody 

Spccics-spccific 

antibody 



Agglutinins 

Passive protection 

Antiprotein precipitins 


Treatment of 
pneumococcus 
suspension 
injected in 
, subsequent 
immunization 

After 3 
preliminary 
courses of 
heated 
pneumo- 
coccus 

After sub- 
sequent 
immuniza- 
tion 

After 3 prelimi- 
nary courses of 
heated 
pneumococci 

After subsequent 
immunisation 

After 3 
preliminary 
courses of 
heated 
pneumo- 
cocci 

After sub- 
sequent 
immuniza- 
tion 

6 

4-» 


Scrum dilution 

Dose of culture 

Dilution of test 
solution 

S, 


1/20 

1/SO 

1/20 

1/80 

0.2 

cc. 



0.2 

cc. 

o.l 

CC. 

0.03 
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1/20 

30 
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XX 
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0 
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D 

s 

s 

+ 

zb 

+ 
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D 

D 

D 

s 

s 

0 

0 


0 
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« 

E 

X 
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* 

D 

S 

S 

D 

D 

s 


0 
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0 

34 
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XX 

0 
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X 

S 

S 

S 

S 

s 

s 

dt 

0 

+ 

=fc 

35 

a 
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0 
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s 
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lent to 5.0 cc. of broth culture. After the end of this treatment, a second bleeding 
was made, and the immune serum obtained was tested by the same methods em- 
ployed in the tests of the first bleeding. 

The results are collected in Table III. Since the anti-S precipitins and the type- 
specific agglutinins proved approximately parallel in all the sera, the results of 
the anti-S precipitin tests are omitted in Table III. 
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The facts presented m Tab! c XIX can "be analyzed to advantage by 
considering first the type-specific antibody response. All of the ani- 
mals in both Series A (heated) and B (unheated) had produced sera 
containing high titres of the type-specific antibody after the first three 
courses of injections. This response apparently represented the maxi- 
mum response of the individual animals, since only slight increases 
and at times slight decreases in the content of type-specific antibody 
was obtained by continued immunization with either heated or with 
unheated pneumococci. Apparently, with the selected previously 
immunized rabbits used in this experiment, the slight differences that 
existed in the potency of the sera of the different animals was deter- 
mined by the capacity of the animal to respond and was independent 
entirely of whether or not the bacterial cells had been heated. 

This apparent total lack of any real difference between the type- 
specific antibody content of the sera obtained by subsequent injection 
of the previously immunized animals with unheated pneumococci in 
comparison to that obtained with heated bacterial cells was just as 
pronounced in passive protection experiments as in agglutination 
tests. All of the sera protected against about 0.1 cc. of culture and 
attempts to show differences by increasing the test doses failed due to 
the irregularities usually encountered in protection tests with doses 
of culture near the zone of mass infection. Other experiments were 
made in which a constant dose of culture (1 X lO -4 cc.) was tested 
against different amounts of serum. The results of these experiments 
showed some differences in the potency of the different sera but the 
differences were irregular and had no relation to the heating treatment 
of the immunization material. 

An analysis of the species-specific antibody responses induced in the 
previously immunized rabbits reveals entirely different relations than 
those obtaining for the species-specific antibody. The sera of all the 
rabbits contained only small amounts of the anti-P precipitin at the 
end of the preliminary’ immunization which, as shown before, had 
yielded sera containing high contents of anti-S. When these pre- 
viously immunized animals were subsequently injected with additional 
doses of heated pneumococci there was only a slight increase in the 
species-specific antibody yield. On the other hand, the animals which 



144 


ANTIGENS OF TYPE II PNEUMOCOCCUS CELLS 


received unheated pneumococci in the subsequent immunization treat- 
ment responded with large amounts of the species-specific antibody 
so that their sera after the final two test courses of injections contained 
anti-P precipitins in titres comparable to those obtained by immuni- 
zation with large amounts of solutions of pneumococcus cells or of 
pneumococcus protein. 

is The most important facts shown by this experiment can be illus- 
trated best by summarizing the results of Table III in the form given 


TABLE IV. 

Summary of the Antibody Responses to Subsequent Injections of Unhealed and Heated 
Pneumococci by Rabbits Previously Immunized with Heated Pneumococci. 


Immunization 

Increase in antibody content of sera due to 
subsequent immunization of the 
previously immunized rabbits 



Type-specific antibodies 

Species-specific antibodies 

Animals pre- 

Animals which sub- 

No significant 

No increase by 3 rab- 

viouslyimmun- 

sequcntlyre- 

increase 

bits; slight increase 

ized with three 
courses of in- 
jections of 
heated pneu- 
mococcus cells 

ceived two addi- 
tional courses of 
heated 
pneumococci 

Animals which sub- 
sequently received 
two additional 
courses of un- 
heated pneu- 
mococci 

No significant 
increase 

by 3 rabbits 

Marked increase by 
all (6) rabbits 


in Table IV. The relations evident there (Table IV) indicate that 
individual rabbits can produce only a certain amount of the type- 
specific antibody and that the maximum response can be obtained by 
the injection of heated pneumococcus cells; and that after this maxi- 
mum responding capacity has been reached, the further injection of 
unheated pneumococci serves only to increase the species-specific 
antiprotein precipitin content without increasing significantly the 
type-specific antibody content of the serum. 
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Experiment 5. The Antihemotoxin Response of Rabbits Immunized 
with Heated and isith Unheated Pneumococcus Cells. 

Pneumococcus antihemotoxin, like the anti-P precipitin, is a species-specific 
and not type-specific antibody (1 1) . The hemotoxin, the antigen which gives rise 
to the antihemotoxin antibody, is an endocellular substance and like the antigens 
which give rise to the anti-P precipitins is present in solutions of pneumococcus 
cells. In a previous paper (10), it was shown that the hemotoxin can be dis- 
tinguished from the antigens related to the anti-P precipitins by the fact that the 
antibody-invoking property of the hemotoxin antigen is destroyed by heating 
treatment (55°C.) which diminishes but does not destroy the effectiveness of the 
precipitinogens. Since the hemotoxin like the P precipitinogens is contained as an 
endocellular constituent in the pneumococcus cell suspensions injected for the 
production of the usual antibacterial antipneumococcus serum, one would expect 
the relative proportion of the antihemotoxin contained in antipneumococcus 
serum to be influenced by the heating treatment of the bacterial suspensions 
employed in the immunization. In fact, from analog}' with the results obtained 
in immunization with heated solutions of pneumococcus cells, one would expect 
the antihemotoxin content to be almost entirely dependent upon whether the bacte- 
rial cells were heated or unheated, for we failed entirely to detect any antihe- 
motoxin in the immune serum of animals injected with heated hemotoxin solu- 
tions (10). 

In order to determine the effect of the heating treatment of suspensions of pneu- 
mococcus cells upon the antihemotoxin content of antipneumococcus serum, 
antihemotoxin titrations were made with the sera of the forty-one animals em- 
ployed in the preceding experiments. All of the sera obtained by immunization 
with unheated pneumococcus cells, like the sera obtained by immunization with 
unheated solutions of the bacterial substances, contained significant amounts of 
antihemotoxin. With only one exception, none of the sera obtained by immun- 
ization with heated pneumococcus cells contained any detectable amount of the 
antihemotoxin. The one exception consisted in the serum of a rabbit which had 
received prolonged immunization with large amounts of bacterial cells heated at 
100 C C. (Rabbit 23 in Table II). It is impossible to explain this apparent dis- 
crepancy. 

In spite of the observed exception, it is logical to believe that the antihemotoxin 
content of antipncumococcus serum, like the anti-P precipitin content of the same 
sera, is determined largely by the heating treatment of the bacterial cells employed 
in the immunization. One would expect to find especially large amounts of this 
species-specific antibody in the antipneumococcus serum obtained from hones 
which had received large doses of live or unheated pneumococci during the later 
stages of the immunization. 
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DISCUSSION. 

The preceding experiments have dealt with the influence of heat 
upon the antibody-invoking effectiveness of the type-specific and spe- 
cies-specific antigens of Type II pneumococcus cells. The results of 
the study of the effect of heat upon the species-specific antigen as 
contained in filtered solutions of the intracellular substances of pneu- 
mococci showed that 30 minutes exposure of the bacterial solutions 
to 55°C. or higher temperatures, caused a marked decrease in the 
antibody-invoking effectiveness of the species-specific antigen, not 
only from the standpoint of the degree of antibody response to equal 
doses of unlieated or of heated solution, but also from the standpoint 
of the amount of total antigen and number of injections required for 
an effective response. The experiments with suspensions of pneu- 
mococcal cells were more complicated than those in which solutions 
were used as the immunization material, since the latter experiments 
included the type-specific as well as the species-specific antibodies. 
More differences existed in the responses of individual animals im- 
munized with the same lot of bacterial suspension than were encoun- 
tered among the rabbits immunized with the bacterial solutions. 
However, the large number of rabbits included, the use of different 
doses in the immunization, and the examination of the immune serum 
after different periods of immunization, furnished convincing evidence 
that the antibody-invoking property of the species-specific antigen as 
contained in the suspensions of bacterial cells was more greatly dimin- 
ished by heat than was that of the type-specific antigen. For example, 
a series of rabbits injected with large but equal doses of heated (30 
minutes at 55° or 100°C.) or of unheated suspensions of pneumococci, 
contained in common a high content of type-specific antibody inde- 
pendent of the heating treatment of the antigen: and in contrast to 
their common content of the type-specific antibody, the same sera 
contained large amounts of the species-specific antibody only where 
unheated bacteria had been employed in the immunization. More- 
over, a comparison of the sera of another series of rabbits showed that 
the immune serum obtained by injection of small amounts of unheated 
pneumococcus suspension (below the dose required for the most 
effective response) contained less type-specific but more species- 
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specific antibody than did the serum of other rabbits which had 
received doses 15 times as great of the heated bacterial cells. The 
production of imm une serum in which the relative proportion of type- 
specific to species-specific antibody seems to be directly dependent 
upon whether or not the imm unization material had been heated or 
unheated, presents convincing evidence of differences in the effect of 
heat upon the antibody-invoking effectiveness of the type-specific and 
species-specific antigens of Pneumococcus. It is important to observe 
that these relations were established in experiments in which dosage 
and length of time of immunization were carefully controlled, for it 
would be theoretically possible to obtain similar responses to heated 
and unheated antigen if the total amount of antigen were greatly in 
excess of the dose required for the maximum immunity response. 

The species-specific antigen of Pneumococcus is endocellular and 
it can be assumed that the bacterial cells must be dissolved, either 
before or after injection into the animals, in order to liberate the anti- 
gen and permit it to come into direct contact with the cells involved in 
antibody production. Since unheated pneumococci autolyze in vitro 
more readily than do the heated bacterial cells and are likewise more 
soluble in bile, the question might be raised whether a greater rate of 
lysis of the unheated cells in vivo may not be a factor in the greater 
effectiveness of the endocellular antigen. But in vivo and in vitro 
dissolution of pneumococci are distinctly different processes: one of 
them due in large part to the specific heat-labile bacteriolytic enzyme 
produced by the bacteria themselves (12) and the other to lytic action 
of the cells or fluids of the animal. However, the possibility of differ- 
ences in the ease of lysis of the unheated and heated pneumococci, 
while not to be ignored, does not seem to be an important point for the 
fact that the antibody-invoking effectiveness of the protein as con- 
tained in the solutions employed in the first experiment was influenced 
as markedly by heat as was the protein contained within the undis- 
solvcd cells in later experiments, indicated that the decrease in anti- 
genic activity represents a real change in the bacterial protein which 
occurs whether heated inside or outside the bacterial cell. 

The distinct difference in the relative effect of heat upon these two 
antigenic constituents of the pneumococcus cell is of interest from both 
theoretical and practical points of view. It is important to note that 
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our experiments have dealt with the antibody-invoking and not with 
the antibody-combining property of the two antigens. The type- 
specific S substance when free in solution, dissociated from the anti- 
genic complex SP, does not possess the antibody-invoking property 
whether heated or unheated, but it retains its antibody-combining 
property after even the most drastic heating treatment (in approxi- 
mately neutral solutions) . The resistance of the antibody-combining 
property of the S substance to the autoclaving and boiling in the open 
water bath, both of which are preliminary steps in the preparation of 
the purified substance (1, 2), is an outstanding example of heat stability 
among immunologically reactive substances. However, even the anti- 
genic complex itself (SP), undissociated and in the antibody-invoking 
effective form, is relatively heat-resistant in comparison to many 
antigens of bacterial origin and, from the antibody-invoking stand- 
point is decidedly more heat-stable than the species-specific protein 
antigens contained within the same pneumococcus cell. Possibly, 
combination with the carbohydrate or S substance endows pneumo- 
coccus protein with new physical properties (resistance to heat coagu- 
lation) as well as conferring upon it the new chemical or immunological 
properties which are responsible for type specificity. 

The difference in the heat lability of the type-specific and species- 
specific antigens of Pneumococcus must be an important factor in 
determining the relative proportion of the type-specific and species- 
specific antibodies in all antipneumococcus serum produced by injec- 
tion of pneumococcus suspensions. While the type-specific antibody 
(anti-S) is the predominant and important one, a certain amount of 
the species-specific antibody accompanies it in practically all type- 
specific sera. The species-specific antibody content and the ratio 
between type-specific and species-specific antibody vary in sera 
produced in different laboratories; one serum may contain relatively 
large amounts of the species-specific antibody and another may contain 
only difficultly detectable traces of the same antibody, even though 
the type-specific antibody content of the two sera is approximately 
identical. The factors which operate in determining the relative 
amount of species-specific antibody must include those which deter- 
mine the degree of the response to any antigen: treatment of the im- 
munization material, dosage, period of immunization, and the re- 
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sponding capacity of the individual animal. However, if the vaccine 
is prepared from virulent, S-producing pneumococci and reasonable 
doses are injected in a course of immunization not unnecessarily long, 
one could expect that heating of the pneumococcus suspension injected 
would greatly decrease the production of species-specific antibodies 
(anti-P) without an appreciable effect upon the production of type- 
specific antibodies (anti-S). This is shown to be true with rabbits 
in the preceding experiments. 

The results of the experiments on subsequent immunization of 
rabbits previously immuniz ed with heated pneumococci, indicated 
that the only thing gained by the subsequent immunization is an 
increase in the species-specific antibody content of the serum. Since 
this latter antibody is not involved in truly type-specific agglutina- 
tion, the conclusion may be drawn that continued immunization of 
animals which already have responded with high titres of type-specific 
antibody adds nothing at all to the diagnostic value of the serum. 
The use of live or unheated bacteria is unnecessary in order to produce 
a highly potent type-specific sera, and, if the sera are to be used for 
typing, the increase in species-specific antibody without increase in 
the type-specifically reacting substances is undesirable. 

SUMMARY. 

This paper presents an experimental comparison of the effect of heat- 
ing of the immunization material upon the antibody-invoking effec- 
tiveness of the type-specific (SP) and species-specific (P) antigens of 
Type II pneumococci. Heating of the pneumococcus suspension 
(vaccine) invariably decreased the production of species-specific 
antibodies (anti-P) without a comparable effect upon the production 
of type-specific antibodies (anti-S). 

lor diagnostic typing purposes, the ideal antipneumococcus serum 
should contain the maximum content of type-specific, and the mini- 
mum of species-specific antibody. Our results with forty-one rabbits 
indicate that the ideal scrum from the type-specific standpoint would 
be obtained by immunization with the heated cells of virulent pneumo- 
cocci over a comparatively short immunization period; and that the 
only thing gained by continued immunization or by the use of un- 
heated bacteria at any stage of the immunization, is an increase in 
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the species-specific antibody which is undesireable in sera to be used 
for diagnostic purposes. 
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INTRODUCTION. 

Bacteriophage is capable of inducing considerable disturbance in 
susceptible bacterial cells. Especially interesting is the influence of 
this principle upon the agglutinative properties of bacteria. The 
studies on the subject reported by d’Herelle (1), Bordet and Ciuca 
(2), Gratia (3), Flu (4), McKinley (5) and others were limited to the 
coff-typhoid-dysentery group of bacteria. The observed changes 
consisted of loss of agglutinability by specific sera with and without 
loss of agglutinogenic and agglutinin-absorbing properties. In one 
instance, as reported by Gratia (3), the effect of the lytic principle 
consisted in appearance of agglutinability in a previously inagglutinable 
strain of B. coli. 

The author’s object was to extend these studies to other bacteria in 
which the bacteriophage phenomenon was shown to exist. The 
hemolytic pathogenic streptococci were chosen for this work for the 
following reasons: 

1. It was shown by Dutton (6) that many strains of human patho- 
genic streptococci existed symbiotically with phage of low potency. 
Two strains of human origin were shown to undergo lysis (Piorkowski 
(7) and Dutton (0)). The author demonstrated the classical bacterio- 
phage phenomenon among several strains of erysipelas origin (8). 
Since, therefore, it can be safely accepted that the bacteriophage 
phenomenon exists among streptococci, it seemed possible that there 
might exist a definite influence of phage upon the phenomenon of 
agglutination of these microorganisms. 
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2. The complexity of the problems of serological specificity and 
affiliations of different groups of streptococci makes it important to 
determine the influence of the phage which represents a powerful fac- 
tor in the life of many species of bacteria, including streptococci. 

The plan of this work was influenced by the following considerations: 

Since the effect of the phage upon agglutination of streptococci is 
entirely unknown it was decided to study the effect of the phage upon 
the entire strain. Later should a definite relation be established, these 
studies could be extended to strain components derived from single 
colonies or single cells. 

In view of the fact that various strains of pathogenic streptococci 
differ in the degree of susceptibility to the phage it was presumed 
that the changes induced would vary as well. For this reason a large 
number of strains was employed. 

Since various groups of hemolytic streptococci differ in the complex- 
ity of the antigen it was also thought that the same agent would induce 
different changes, the nature of which might depend upon the antigenic 
structure. This consideration led to the study of representatives of 
various serological groups of streptococci. 

Moreover, since lytic principles from various sources differ in their 
influence upon streptococci (Shwartzman (8)) it was decided to limit 
the work to the study of one or two lytic principles and employ these 
throughout the work. 

In order to be able to obtain a full conception of the various possible 
changes which this principle may induce in streptococci under the con- 
ditions outlined above, the studies were made first by means of direct 
agglutinations. The information gained was further substantiated 
by studies on the agglutinin-absorbing and agglutino genic properties 
of each culture under discussion. To study the effect of phage upon 
the affiliations between various streptococci each serum was tested 
against the majority of strains on hand. 

Methods. 

Lytic Principles . — SL bacteriophage, active against a streptococcus from 
rabbit’s lung and also potentially active against streptococci of erysipelas origin; 
the C/2, anti-5, coli phage were used in these experiments. Cultures of various 
streptococci were grown in phosphate broth containing 1 to 10 dilution of lytic 
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principle for a number of generations. These cultures will be referred to as SL and 
C jl respectively. The strains employed in this work were as follows : 

1. The erysipelas group, represented by ten strains kindly sent to me by Dr. 
Konrad Birkhaug under the name Ei-Ejo- All these strains were potentially 
susceptible to SL lytic principle only. 

2. Scarlet fever strains (55, 108), sent to me by Dr. A. W. Williams, which were 
found resistant to both lytic principles. 

3. A strain of pyogenes hemolytic streptococcus, isolated in this laboratory from 
a case of meningitis and called H.S. This was resistant to both principles. 

4. A strain of green-producing streptococcus, isolated from the blood of a case 
of subacute bacterial endocarditis, under the name V. This was also resistant to 
the lytic principles employed. 

• 5. Rb streptococcus, a pyogenic hemolytic strain isolated by Clark and Clark 

from rabbit lung infection. This streptococcus was highly susceptible to SL 
bacteriophage and resistant to C/2 lytic principle. 

Immunisation . — Two rabbits were immunized with each strain and the serum 
of higher titer was selected for the work. The method of immunization was that 
recommended by Dochez (9). 

Agglutination . — Homogenous antigens were obtained by growing streptococci 
in 0.1 per cent glucose phosphate broth. Phage strains were passed through 
phosphate broth containing 1 to 10 dilution of lytic principle. Both normal and 
phage cultures were subcultured into phosphate broth and used for agglutination 
after 24 hours incubation. A considerable number of experiments was first per- 
formed with the washed sediment of these cultures. The process of centrifuging, 
however, brought about frequent spontaneous agglutination of previously homo- 
genous antigens. This procedure was then given up. Care was always taken to 
use cultures not older than 24 hours. Parallel experiments did not show any 
difference in agglutination of washed and unwashed 24 hour old cultures. No 
formaldehyde was added to the antigens. Serum dilutions were made in phosphate 
broth. Readings were made after 4 hours incubation in a water bath at 55°. 
The agglutinations registered in the protocols were examined by the naked eye. 

Absorption of Agglutinins . — Bacterial cells for absorptions of agglutinins were 
prepared by centrifuging and washing the growth of 24 hour old broth cultures. 
A dose sufficient to absorb completely agglutinins from the homologous serum 
was used. In making comparative studies on the agglutinin-absorbing power 
of various antigens the quantitative relationship of absorbing cells to the amount 
ofscrum (usually diluted 1 to 10) was keptinmind. The mixture of given amounts 
of cells (heated previously to 00°) and serum was kept in the water bath at 37° 
for 2 hours and in the refrigerator overnight. In order to titrate the absorbed 
sera, dilutions from 1 to 20 up to 1 to 25,000 were always made. Serum diluted 
1 to 10 but unabsorbed, to be used for control titration, was kept under the same 
temperature conditions as the serum for absorption. 
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The results reported below were grouped according to the changes 
produced by given lytic principles in the various strains of pathogenic 
streptococci. 

EXPERIMENTAL. 

I. I naggluti nabili ty and Partial Loss of Aggluiinogcnic and Agglutinin- 
Absorbing Properties of “Whole" Cultures . 1 

Strain 55 which represented serologically a large group of scarlet 
fever streptococci was cultured for forty passages in phosphate broth 
and in phosphate broth containing SL phage. The effect of the phage 
is shown in Table I. 


TABLE I. 

The Influence of Phage upon Agglutination of Strain 55. 


' 

Sera 

Absorbed by strain 

Agglutination titer before absorption and 
percentage of absorption 



55 

55 SL 

I 

= 

6400 

0 

I 

55 

100 per cent 

— 

I 

55 SL 

50 per cent 

— 

II 

= 

400 

0 

III 

= 

SOO 

0 


0, no agglutination; = no absorption; — not tested. 

1, 55 strain serum; II, 55 SL strain serum; III, 55 SL strain serum. 


As is seen the phage strain was rendered completely inagglutinable 
by normal culture serum. This change was coincident with partial 
loss of agglutinin-absorbing properties and also with what appeared 
a certain loss in the agglutinogenic power. In fact the immunization 
of two animals with the phage cultures resulted in a distinctly lower 
titer of agglutinins. These sera agglutinated the normal culture but 
did not react with the homologous culture. 

Similar but somewhat more marked changes were obtained in Rb 
streptococcus. 

1 The change demonstrated in this work occurred in entire cultures. It remains 
yet to determine whether this was due to actual changes in the cells bearing the 
agglutinogens or to simple elimination of these cells by means of the lytic agent. 
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This streptococcus highly susceptible to SL phage was made resist- 
ant to this principle by means of several passages through broth con- 
taining at first 1 X 10- 6 cc. and later 1 X 10- 1 cc. dilution of the phage. 
Observations on cross-agglutinations and cross-absorptions of sera 
prepared by immunization with normal Rb streptococcus, the resist- 
ant type and lysed culture of the same strain are given in Table II. 
As is seen, Rb streptococcus was considerably affected by passage 
through SL phage. The strain became inagglutinable by the normal 
culture ser um as well as by heterologous sera which normally cross- 

TABLE II. 


The Influence of Phage upon Agglutination of Rb Streptococcus. 


Sera 


Agglutination titer before absorption and 
percentage of absorption 

Absorbed by strain 

Rb 

streptococcus 

Resistant 
Rb strepto- 
coccus 

ss 

130 

IV 

r= 

6400 

0 

400 


IV 

Rb streptococcus 

100 per cent 

- 

0 per cent 


IV 

Resistant Rb. streptococcus 

0 per cent 

— 

— 

— 

V 

= 

50 

0 

0 

0 

VI 


0 

0 

0 

0 

VII 

= 

0 

0 

0 

0 

vni 


0 

0 

0 

0 

DC 

= 

0 

0 

0 

0 

la 

= 

200 

0 

5120 

400 

X 

= 

200 

0 

— 

3200 


IV, Rb strain serum; V, IT, VII, lysed culture Rb strain serum; VLLI, IX, 
resistant Rb strain sera; X, 130 strain serum (55 and 130 belong to the scarlet 
fever group) ; la, 55 strain serum. 


a SSl u tinated with this strain. The inagglutinability was coincident 
with considerably more marked changes of the antigen than those 
shown in the previous experiments. There was a very significant loss 
of agglutinin-absorbing power on the part of the resistant type and 
also what appeared as an entire loss of agglutinogenic properties in 
both lysed and resistant cultures. Five animals failed to respond to 
repeated immunization with these antigens. Additional attempts to 
immunize with such a strain are necessary before complete loss of the 
agglutinogenic properties can be safely accepted. 
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It should be pointed out that the group components of this strain 
undement similar changes. In contrast to the normal Rb culture 
the resistant streptococcus failed to agglutinate until Strains 55 and 
130 and also failed to stimulate the production of group agglutinins 
for the two strains. 

II. Inagglutinability with Complete Preservation of Agglutinogcnic and 
Agglutinin- Absorbing Properties. Appearance of Additional 

Components. 

Examples of partial modification of antigens under the influence 
of phage were afforded by representatives of various groups of 
streptococci: 

A. The Erysipelas Group of Streptococci. — Table III represents the 
results of direct agglutinations of normal and phage cultures of erysipe- 
las strains. As is shown by Birkliaug (10), Dochez (9) and Tunni- 
cliff (11) this group of streptococci possesses a specific antigen. In 
this work the serum for one of these strains agglutinated to a high titer 
several representatives of this group. The bacteriophage had a definite 
effect upon these strains. SL lytic principle, potentially active against 
these strains, lowered the agglutinability of eight strains out of ten 
tested. This change, however, did not alter the specific component 
of the strains since the agglutinin-absorbing power of all the phage 
cultures remained unaffected. The specific agglutinins of Serum 
XI were completely absorbed by these cultures (not recorded in the 
tables). Moreover, Serum XII agglutinated tire normal strains to a 
high titer, as is seen from Table III. However, another component 
was rendered prominent in the phage cultures, as evidenced by the 
following observation. The phage culture serum (XII) agglutinated 
all the phage cultures to a higher titer than the normal cultures when 
tested soon after bleeding (not given in Table III) . Since these strains 
agglutinated to a lower titer with the normal culture serum it suggested 
that another component was rendered prominent in the phage cultures. 

This assumption was further strengthened by another observation. 
As is seen from Table III, when sterile, non-preserved Serum XII was 
retested 3 weeks after bleeding, the phage cultures this time agglu- 
tinated to a lower titer than the normal cultures. A new phage culture 
serum (XIII) was then prepared and a part of it was added with 



TABLE HI. 

The Influence of Phase upon Agglutination of Erysipelas Streptococci. 
Agglutination Titer. 
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XI, Ei normal culture scrum; XII, Ei SL phage culture scrum; XIII, Ei SL phage culture serum. 
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phenol. 2 The new serum, sterile but not preserved, when tested the 
following day after bleeding showed agglutination of a higher titer 
with phage cultures. Part of Serum XII, to which phenol was added 
immediately after bleeding when tested 3 weeks after bleeding also 
showed higher agglutination with the phage cultures. Serum XIII, 
preserved with phenol, titrated 2 weeks after bleeding, showed the 
same titer as the same serum non-preserved but tested immediately 
after bleeding. It became thus evident that the phage culture stimu- 
lated production of agglutinins specific to all the phage cultures. 
These agglutinins were of unstable nature and unless the serum was 
preserved with phenol, they soon disappeared. The relation of this 
additional component to the specific erysipelas component was es- 
tablished by cross-absorption. Four normal cultures absorbed com- 
pletely all the agglutinins from phenolized Sera XII and XIII. Each 
of four phage cultures employed absorbed agglutinins for all the phage 
cultures. It was clear that the additional phage culture component 
was closely related to the specific erysipelas streptococcus antigen 
and that the phage culture components of various erysipelas strepto- 
coccus strains were closely affiliated as well. 

B. The Scarlet Fever Group of Streptococci . — Strain 108 was culti- 
vated for twenty-two passages in phosphate broth and in phosphate 
broth containing SL phage. The phage culture was studied as shown 
in Table IV. As is seen, Strain 108 became under the influence of 
phage relatively inagglu finable by the normal culture serum (XIV). 
This change, however, was not coincident with loss of agglutinin- 
absorbing and agglutinogenic properties, since, 108 phage culture 
completely absorbed Serum XIV and also stimulated production of 
agglutinins for 108 normal culture. Parallel to the inagglutinability 
of the specific 108 component another antigen appeared in the phage 
culture. This was evident from the fact that Serum XV, in contrast 
to Serum XIV, agglutinated the phage culture as well as the normal 
culture of Strain 108. Since, however, the normal 108 culture was 
able to absorb completely agglutinins for the phage culture from Serum 

2 All the sera including Serum XII were collected under sterile precautions by 
heart puncture and not preserved by phenol. Then the animals were killed, the 
blood clot removed and its serum preserved with phenol. 
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XV it was concluded that the phage culture component was closely- 
related to the 108 normal culture specific antigen. 

To complete the investigation of the phage culture component, its 
relation to another strain of the scarlet fever group was studied by 
cross-agglutinations and cross-absorptions. Strain 55, chosen for this 
purpose, had common components with Strain 108 in addition to a 
heterologous antigen (Table IV). It was then observed that 108 
phage culture serum agglutinated Strain 55 to a far higher titer than 
that shown by 108 normal culture serum. Normal culture 55 serum 


TABLE IV. 

The Influence of SL Phage on Agglutination of 108 Strain. 


Sera 

Absorbed by strain 

Agglutination titer before absorption and percentage 
of absorption 

55 

log 

108 SI. 

XIV 

= 

400 

3200 

200 

XIV 

00 

100 per cent 

0 per cent 

0 per cent 

XIV 

108 

100 per cent 

100 per cent 

100 per cent 

xrv 

108 SL 

100 per cent 

100 per cent 

100 per cent 

XV 

= 

1600 

1600 

3200 

XV 

55 

100 per cent 

0 per cent 

0 per cent 

XV 

108 

100 per cent 

100 per cent 

100 per cent 

XV 

108 SL 

100 per cent 

100 per cent 

100 per cent 

I 

= 

6400 

400 

3200 

I 

55 

100 per cent 

100 per cent 

100 per cent 

I 

108 

50 per cent 

100 per cent 

100 per cent 

I 

108 SL 

25 per cent 

100 per cent 

100 per cent 


XIV, 10S normal culture serum; XV, 108 SL phage culture serum. 


agglutinated the 108 phage culture to a considerably higher titer than 
the normal culture of the same strain. It became, therefore, apparent 
that the phage culture 10S components belonged to the “group’' 
variety. However, Strain 55 absorbed agglutinins for itself but failed 
to absorb agglutinins for 108 phage culture from Serum XV. It had 
to be assumed that the phage components were of a more complex 
structure than the 55 strain group antigen. 

The conclusion to be drawn was that the phage was able to render 
prominent additional components of a complex antigenic structure. 
These components were partially of the "group” variety and, there- 
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fore, made possible a certain measure of agglutination with a heterolo- 
gous strain. 

C. Rb Streptococcus . — Another example of partial modification was 
brought out by Rb streptococcus which was cultivated in C/2 phage. 
It should be pointed out that the strain was completely resistant to 
this phage. Table V represents the results obtained. As is seen, 
here again Rb streptococcus C/2 culture became inagglutinable by 
the normal culture serum. The inagglutinability was not coincident 
with any changes in agglutinin-absorbing and agglutinogenic proper- 


table v. 

The Effect of C/2 Phage upon Agglutination of Rb Streptococcus. 


Sera 

Absorbed by strain 

Agglutination titer before absorption and 
percentage of absorption 

Rb streptococcus | 

Rb C/2 strain 

V 

XVI 

= 

6400 

0 

0 

XVI 

Rb streptococcus 

100 per cent 

- 

— 

XVI 

Rb C/2 

85 per cent 

— 

— 

XVI 

V 

0 per cent 

— 

— 

XVII 

= 

0 

1600 

3200 

XVH 

Rb streptococcus 

- 

0 per cent 

0 per cent 

XVII 

Rb C/2 

— 

100 per cent 

100 per cent 

XVII 

V 

1 _ 

100 per cent 

i 100 per cent 

XVIII 

= 

1600 

SOO 

SOO 

XVIII 

Rb streptococcus 

100 per cent 

0 per cent 

0 per cent 

XVIII 

Rb C/2 

100 per cent 

100 per cent 

100 per cent 

XVIII 

V 

0 per cent 

100 per cent 

100 per cent 


XVI, Rb streptococcus serum; XVII, V strain serum; XVIII, Rb C/2 strain 
serum. 


ties since Serum XVIII showed agglutinins for Rb streptococcus and 
the Rb C/2 strain absorbed agglutinins from Serum XVI for the normal 
culture of this streptococcus. The change was, however, accompanied 
by the appearance of another component in the Rb C/2 strain, since 
its serum, in contrast to the normal Rb streptococcus serum, agglu- 
tinated the homologous as well as the normal culture to a high titer. 
The additional component of the phage culture was not related to the 
specific Rb streptococcus antigen, as judged from the inability of the 
Rb streptococcus to absorb agglutinins for Rb C/2 strain from Serum 
XVIII. 
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To investigate the nature of the additional phage components 
Serum XVIII was tested against several strains of streptococci. This 
serum was able to cross-agglutinate with a strain of green-producing 
streptococcus. No cross-agglutination was obtained with any hemoly- 
tic streptococci tested (the negative findings are not given in Table 
V). The green-producing streptococcus serum was then found to 
agglutinate the Rb C/2 strain. Moreover, cross-absorption experi- 
ments established the very close similarity of the V specific compo- 
nent with the additional phage culture components. In this case the 
added component was of the “group” variety. In the case of scarlet 
fever streptococci a similarly arising component was found related 
only to the “group” component of another strain of scarlet fever 
streptococci. In the present example, however, the phage component 
was related very closely to the specific antigen of a strain of heterolo- 
gous streptococci. 

III. Transformation of the Normal Culture Agglutinogens into Antigens 
of an Entirely Different Specificity. 

As is seen from Tables VI and VII, H.S. and V streptococci when 
treated with SL phage for a number of generations underwent an 
even more striking modification. The changes consisted of complete 
disappearance of normal antigen and appearance of a different antigen, 
which had the power of absorption, agglutinability and agglutinin- 
stimulating properties characteristic of a new specificity. The changes 
described here were in contrast to those of the first category reported 
above 3 and were of a more marked nature than those described under 
Paragraph II. 

Before concluding this paper it was necessary to investigate w r hether 
the phenomenon of paragglutination played any role in the observa- 
tions described above. For this purpose the following experiments 
were made. 

1 - The lytic principles employed in this work also contained products 
of bacteria, at the expense of which the phages were regenerated. It 
was decided to determine whether bacteriophage-free filtrates of these 
cultures would not induce similar changes. Filtrates of 1 week old 

3 Page ISt. 
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Rb streptococcus and B. coli 42 were used. Several passages of 55, 
108 and V strains were made in phosphate broth containing 1 to 10 
dilutions of Rb streptococcus filtrate. Rb streptococcus was passed 
through B. coli 42 filtrate. Agglutination reactions of the cultures 
prepared in this manner with homologous normal culture sera did not 
differ from those obtained with homologous cultures. It thus became 


TABLE VI. 

The Influence of SL Phage upon Agglutination of V Strain. 




Agglutination before absorption and 

Sera 

Absorbed by strain 

percentage of absorption 



v 1 

VSL 

XVII 

= 

3200 

0 

xvn 

V 

100 per cent 

— 

XVII 

V SL 

0 per cent 

— 

XIX 

= 

0 

5120 

XIX 

V 

- 

0 per cent 

XIX 

V SL 



100 per cent 


XIX, V SL strain serum. 


TABLE VII. 

The Effect of SL Phage upon Agglutination of H.S. Strain. 


Sera 

Absorbed by strain 

Agglutination titer before absorption and 
percentage of absorption 



H.S. 

H.S./SL 

XX 

■ = 

0 

1280 

XX 

H.S. 

- 

0 per cent 

XX 

H.S. SL 

— 

100 per cent 

XXI 

= 

5120 

0 

XXI 

H.S. 

100 per cent 

— 

XXI 

H.S. SL 

0 per cent 

1 — 


XX, H.S. SL phage serum; XXI, H.S. serum. 


apparent that the phenomenon of paragglutination was not responsible 
for the changes described in this paper. This belief was further 
strengthened by the following additional observations. 

2. Three animals immunized with SL and C/2 lytic principles 
failed to show agglutinins for the bacterial strains from which these 
principles were derived. 
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3. Sera prepared with SL phage cultures of various strains cross- 
agglutinated with Rb streptococcus only in those cases in which the 
normal culture sera cross-agglutinated as well. 

4. Various strains of streptococci (erysipelas and scarlet fever 
groups) which normally cross-agglutinated with Rb streptococcus 
failed to do so when passed through SL phage. 

5. Rb C/2 and V strains were not agglutinated by the anti- 
C/2 serum. 

6. Rb C/2 strain serum failed to agglutinate B. coli 42. 

CONCLUSIONS AND SUMMARY. 

A seriesof experiments was carried out on various strains of strepto- 
cocci in order to ascertain the changes which bacteriophage produces 
in the phenomena of agglutination of these organisms. The results 
can be placed in the following categories. 

1. Loss of specific agglutinability was observed with partial and with 
what appeared as complete loss of specific agglutinin absorption and 
agglutinogenic properties. 

2. Partial modification of the antigen, bringing about inagglutin- 
ability of the strains with complete preservation of agglutinogenic 
and agglutinin-absorption properties. Coincidentally, additional 
components appeared. Some of these were related to the specific 
antigens of the organisms from which they were derived, while others 
were not. In two instances these components were of “group” 
character. 

3. “Complete” modification observed with two strains consisting of 
complete transformation of the normal culture agglutinogens into 
antigens of an entirely different specificity. 

It appears from these studies that the bacteriophage phenomenon 
may play an intricate role in serological grouping of various strains of 
pathogenic streptococci. 
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Plate 6 . 

(Received for publication, November 3, 1927.) 

In the course of an experimental investigation of Carrion ’s disease, 
at the stage when bacteriological and experimental study of the char- 
acteristic lesions of verruga peruana was desirable, I was so fortunate 
as to obtain, through the kindness of Professor Oswaldo Hercelles, of 
Lima, two subcutaneous nodules, excised under aseptic conditions, 
from two verruga patients (Cases P 5 and J 45), and forwarded in 
separate sealed tubes in the ship’s refrigerators from Lima to New 
York. A strain of Bartonella bacilliformis was isolated from one of 
the nodules (Case P 5) , as has been reported elsewhere , 1 but another 
microorganism was also present in the tissue, and was isolated in pure 
cultures in both instances. This organism is particularly interesting 
because of its striking morphological similarity to Bartonella bacilli- 
formis and its marked difference from this parasite in cultural and 
pathogenic properties. 

Cultural Properties. 

The microorganism in question grows rapidly on ordinary bacteriological culture 
media at 37°C. as well as at 2S°C., the latter temperature being the optimum one. 
Round, discrete, elevated, grayish, translucent colonies measuring 1 to 2 mm. in 
diameter make their appearance on a plain or blood agar plate within 24 hours. 
They reach a size of 2 to 4 mm. within several days but seldom become much 
larger. The colonics arc spherical, and the margin smoothj in consistency they 
arc somewhat firmer than colonics of B. ccli or B. prolcus, and they show no 


'Noguchi, H. ( J. Exp. Med., 1927, xlv, 175. 
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tendency to spread over the surface of the medium. In 7 to 10 days at room 
temperature a trace of brownish tint appears in colonies on the surface of agar. 
On blood agar plates hemolysis takes place and gradually extends to a considerable 
distance around the colonies. A characteristic pungent odor is noticeable when 
the plate is uncovered. Broth is diffusely clouded by the growth of the organism, 
and within a few days a delicate grayish pellicle is formed around the wall of the 
culture tube at the top of the fluid and a fluffy sediment at the bottom. As the 
culture grows older the broth becomes markedly mucilaginous. No putrefactive 
or other odor is produced either in broth or on plain agar. Lo filer’s serum under- 
goes slow but complete liquefaction within about 2 weeks at 25°C. No carbohy- 
drates are fermented by the organism, and no hydrogen sulfide is produced on any 
medium. Cultures remain transplantable for a period of at least 3 months if 
kept constantly at 25°C. No growth takes place under strictly anaerobic 
conditions. 

Morphology. 

Individuals in young colonies on an agar surface are actively motile and 
measure about 0.3 to 0.4/u in width and 0.6 to 1.2 ft in length. In older cultures 
longer forms, 2 to 4 n, are present. Wien grown on a blood agar slant or on 
leptospira medium the organisms are somewhat thinner (0.2 to 0.3/* in width) and 
longer than the young forms on an agar surface and give the impression of delicate 
slender rods (Fig. 3). They are less actively motile and may be clumped into 
masses of many individuals (Fig. 1) which resemble to some extent the characteris- 
tic masses of Bartonella bacilliformis. Forms grown on broth are of medium size 
and remain actively motile for many days. In cultures several days old the motile 
organisms are intermingled with small oval or coccoid forms which may be in 
pairs or short chains. Except for occasional very long individuals, which may be 
bent and thickened at one end, the organisms are as a rule straight and have 
pointed ends. No bifid or branching individuals have so far been noted. 

The organism is Gram-negative and stains fairly well with fuchsin or methylene 
blue. Brief staining in Giemsa’s solution gives it a lavender color; with more 
prolonged staining it becomes reddish. The general aspect of the organism in 
stained smears (Figs. 1 and 2) resembles that of Bartonella bacilliformis in similar 
preparations, but the individual organisms are more sharply defined than are the 
individual bartonellas, owing perhaps to a greater affinity for the dyes. No ten- 
dency to bipolar staining has been noticed. 

One of the striking features of the organism is its characteristic 
spirally curved flagella (Fig. 4) which are present at one end of the 
body and may be two, three, or four in number. So far as I am 
aware, the only other pathogenic organism having flagella of this type 
is Bartonella bacilliformis. 
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Because of its presence in material derived from Peru, the 
organism has been named Bacterium peruvianum. 

Pathogenicity. 

When B. peruvianum is inoculated intradermally into monkeys 
(Macacus rhesus, Cercopithecus callitricus ) or dogs, the sites of 
inoculation become edematous, congested, and necrotic 'within a few 
days, and open ulcers with raised margins finally result; these usually 
heal within 10 to 14 days. The Strain P 5 was more actively patho- 
genic than the J 45. Unbroken nodules such as were occasionally 
produced by the P 5 strain resolved after about 10 days. 

Cultures made from the blood of the animals during the height of 
the local reactions remained sterile in all instances; there was no in- 
vasion of the general circulation by the organism. Whether or not 
the injection of B. peruvianum into the blood circulation in large 
quantities will result in fatal septicemia has not been determined. 

B. peruvianum induces an acute fatal septicemia in rabbits, guinea 
pigs, rats, and mice, when administered intravenously or intrates- 
ticularly. A broth culture 48 to 72 hours old was lethal within 24 to 48 
hours in a quantity of 0.1 to 1 cc. Autopsy reveals very striking and v 
characteristic changes in the abdominal viscera. 

The liver seems to be most affected; it is somewhat enlarged, tense, uniformly 
peppered with innumerable minute, intensely red spots which make the whole 
organ appear red. The stomach shows many diffuse and pvmctiiorm hemorrhages 
recognizable through the congested serosa. The entire intestine appears diffusely 
limpid red. The kidneys are swollen and congested, and the adrenals are much 
enlarged and deep red. The spleen is not noticeably enlarged but is soft and 
extremely dark bluish red. The peritoneal cavity contains some limpid pink 
fluid. No fibrinous exudate was found on the surface of any organ. The abdom- 
inal muscles are frequently spotted with hemorrhagic areas of moderate size. 
The lungs arc congested but show no hemorrhages. The heart is flabby, but there 
is no pericarditis or pleurisy. B. peruvianum can be recovered in pure culture 
from heart’s blood or spleen. 

When inoculated intratesticularlv, the animals succumb within 1 to 
3 days and show the same changes as do animals injected intrave- 
nously. The scrotum and testicle both show intense edema, conges- 
tion, hemorrhages, and necrosis. * 
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There was no intercurrent infection with B. Icpiscpticus or B. mono- 
cytogenes- in any of the animals. 

Differentiation of B. perimanum from Other Pathogenic M icroorganisms. 

The characteristics of B. perimanum may be summarized as follows: 
Proper motility by means of multiple unipolar flagella; non-retention 
of Gram’s stain; strict aerobiosis; better growth at 25°C. than at 
37°C.; presence of proteolytic and absence of sugar-splitting ferment; 
mucin production in broth; hemolytic action; and a wide range of 
characteristic pathogenic properties for rabbits, guinea pigs, rats, 
mice, dogs, and monkeys. No microorganism having been previously 
described which corresponds with the foregoing description, the 
organism in question is regarded as a new species. 

Bartonella bacilliformis resembles B. peruviamm in morphology, 
in its inability to ferment carbohydrates, in growing better at 25°C. 
than at a higher temperature, in not retaining Gram’s stain, in being 
strictly aerobic, and in having one to four unipolar flagella. The two 
organisms difler widely in other respects, however. Bartonella bacilli- 
formis is unable to grow on any fluid medium so far tried, or any 
medium which does not contain blood elements; it grows very slowly, 
and the colonies are very minute; it lacks proteolytic or hemolytic 
activity, it is difficult to disperse into a homogeneous suspension, and 
above all, it has specific pathogenic properties. Moreover, a potent 
anti-bacilliformis immune serum gives a specific complement fixation 
and a distinct agglutination reaction with Bartonella bacilliformis, 
but none with B. perimanum. 

B. proteus and allied organisms are distinct from B. perimanum in 
morphological and cultural properties. The flagella of the proteus 
group are peritrichal, and hydrogen sulfide is produced by the organ- 
isms in the course of growth. 

The coli-enteritidis-typhoid group ferments carbohydrates, and does 
not liquefy Loffier ’s serum. The flagella of this group are peritrichal. 

2 Murray, E. G. D., Webb, R. A., and Swann, M. B. R., J. Path, and Bad., 
1926, xxix, 407. Pirie, J. H. H., Pub. South African Inst. Med. Research, 1927, 
iii, 185. 1 am indebted lor cultures ol this microorganism to Dr. J. C. G. Led- 
ingham, Director of the National Collection of Type Cultures at the Lister 
Institute. 
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B. monocytogenes has a single polar flagellum and the property of 
fermenting a great many carbohydrates. 

Bacillus ricketlsiformis 3 resembles Bacterium peruvianum in some 
respects, in morphological features, in growing best at low tempera- 
tures, and in producing mucin in broth cultures. But the rickeltsifor- 
mis is non-pathogenic and ferments several sugars. 

SUMMARY. 

A minute, pleomorphic, motile, Gram-negative bacterium has been 
isolated from two specimens of nodular tissue from human verruga. 
In films and sections of the original tissues the organism in question is 
difficult to distinguish from Bartonella bacillijormis, with which it was 
associated, and even in pure culture it has a number of properties in 
common with that parasite. No sugars are fermented by it, it is an 
obligate aerobe, the optimum temperature for its growth is 25°C., and 
it has two to four spiral flagella attached to one end of the body. It 
is, however, readily cultivated on any ordinary culture medium. 
Broth cultures contain much mucin, but no hydrogen sulfide is formed. 
Coagulated serum is liquefied by its growth, and the red corpuscles in 
a blood agar plate are hemolyzed. 

Rabbits, guinea pigs, rats, and mice develop acute, fatal septicemia as 
a result of intravenous or intratesticular inoculation of young cultures. 
The liver is characteristically affected and shows a general parenchy- 
matous degeneration and necrosis; the entire gastrointestinal tract is 
intensely congested, and numerous hemorrhagic areas are present; the 
spleen, dark and soft, is rarely much enlarged; the kidneys are swollen 
and congested; the adrenals are much swollen and intensely red; the 
lungs are sometimes congested but otherwise normal. In the case of 
intratesticular inoculation the scrotum and testicle both undergo 
rapid gangrene. In monkeys no septicemia has been observed, but 
a violent local reaction — swelling, congestion, sometimes necrosis — 
follows intradermal inoculation. 

Since no microorganism corresponding in character with this one 
has previously been described, it is regarded as a new species, and 
because of its presence in material obtained from Peru it has been given 

’Noguchi, H., J. Exp. Med., 1926, xliii, 515. 
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the name Bacterium penmamm. The significance of the association 
of B. peruvianum with Bartonella bacilliformis deserves further in- 
vestigation; it is not impossible that the two organisms are introduced 
into the human body by the same blood-sucking insect. 
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Cultures of Bacterium pcruviamim, n. sp., an organism associated with Bartonella 
bari’lijonnis in verruga tissues. 



Fig. 1. Fig. 2. 

Giemsa’s stain. X 1000. . 





ON PRECHTTABLE SUBSTANCES DERIVED FROM 
BACILLUS TYPHOSUS AND BACILLUS PARA- 
TYPHOSUS B. 

Bv J. FURTH, M.D., ami K. LANDSTEINER, M.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research .) 

(Received for publication, September 20, 1927.) 

The present study was primarily undertaken in order to verify 
certain findings reported on the extraction of precipitable sub- 
stances of B. typhosus with alcohol and ether, but it was extended 
later to a more general investigation of the precipitable substances of 
this and allied microorganisms (1). 

A number of papers have dealt with the question of lipoids or 
alcohol-soluble specific substances of typhoid bacilli. 

Pick (2) investigating chemically the nature of the specific substances of the 
B. typhosus described one soluble in alcohol which gave no protein and no Molisch 
reaction and resisted digestion. In concentrated solution it was precipitated by 
immune sera. Nicolle (3) reported that the agglutinogens of typhoid bacilli are 
soluble in alcohol and ether but Winterberg (4) was unable to confirm these results. 
That the lipoids of typhoid bacilli, or even the saponified fats, possess antigenic 
activity was claimed by Schachenmeier (5) and Stuber (6). Borcic (7), H. 
Schmidt (8), and Weil and Felix (9), however, failed in their attempts to use 
alcohol or ether extracts of the typhoid bacilli for immunization. Similar negative 
results were recorded by Zurugzoglu (10). Very recently Przesmycki (11) has 
reported that ordinary’ antibacterial immune sera react specifically with alcoholic 
extracts of homologous bacilli. Definite statements that bactericidal immune 
sera develop after the injection of alcohol and ether extracts of typhoid bacilli have 
been made by Schlcmmcr (12). So far as we are aware Schlemmer’s work has not 
been repeated as yet. 

EXPERIMENTAL. 

Bacillus typhosus . — Immune sera were produced by injections of 
ether extracts of typhoid bacilli according to the directions of Schlem- 
mcr. The sera obtained had very weak agglutinating and bactericidal 
activity when compared with typhoid immune sera obtained in the 
usual way with whole bacilli. 
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Attempts to prepare alcohol-soluble precipitable substances from 
typhoid bacilli by the method of Pick gave no clear-cut results with 
our material. A saline extract of agar cultures of B. typhosus was 
precipitated with alcohol and both the centrifuged sediment and the 
supernatant fluid were tested with a precipitating immune serum. 
It was found that the bulk of the precipitinogen was carried down 
in the precipitate while the solution contained only a small fraction 
of the active substance. 

Definite results were secured when in place of ether or absolute 
alcohol 75 per cent alcohol was used for the extraction, in the manner 
already described for Vibrio choleras (13). 

B. typhosus was grown on agar for 24-48 hours at 37 °C. The bacilli were 
centrifuged, washed once with saline and twice with 95 per cent alcohol, and 
heated for about 2 hours with absolute alcohol (10 cc. per Blake bottle) on the 
steam bath. The bacilli were collected by filtration on a hot water funnel and 
extracted twice with boiling 75 per cent alcohol for about 2 hours, the suspension 
filtered hot, and the filtrate chilled in the ice box. The precipitate formed was 
dried after washing with 95 per cent alcohol and absolute alcohol and ether. For 
the precipitin and chemical tests the substance was dissolved in weak alkali and 
precipitated by acidifying with acetic acid. The procedure was repeated two to 
three times. This preparation will be referred to as 75 per cent alcohol extract 
or PI. 

When the substance was tested with ordinary typhoid immune sera 
obtained from rabbits injected with typhoid bacilli heated to 60-62°C. 
for about 40 minutes, faint reactions only were noticed. We tried 
therefore to prepare immune sera with the product itself. It was 
found to possess strong antigenic activity. Two to three injections 
of 0.2-2 mg. each were sufficient for the production of immune sera 
which, in contrast to the ordinary typhoid immune sera, precipitated 
strongly the extracted substance, but agglutinated only feebly sus- 
pensions of B. typhosus (Table I). 

The substance is insoluble in water but soluble in weak alkali. 
It precipitates out of its solution on acidifying. It gives strong 
protein reactions. After digestion with trypsin or treatment with 
antiformin the substance is no longer precipitated by immune sera. 
On hydrolysis for 5 hours only slight or no reduction of Fehling s 
reagent was found. The product contains only traces of phosphorus 
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and traces of lead-blackening sulfur. The N content of the ash-free 
preparation was 15.7 per cent. 

Since the alcohol extract gave definite reactions only with a special 
immune serum the attempt was made to prepare solutions which 
would react with the ordinary immune sera. Such active solutions 
have been obtained previously by various means of extraction, as 
with saline solution (Pick (2), Weil and Felix (9)), dilute alkali 
(Zinsser and Parker (14)), antifonnin (Altmann and Schultz (15), 
Krumwiede and Nobel (16)) etc. 

We extracted active substance in the following manner: 

Washed bacilli previously treated with 95 per cent, hot absolute, and hot 75 
per cent alcohol, as described above, were extracted for 2 hours on the steam bath 
with 2 cc. of .9 per cent saline solution per Blake bottle. After centrifugalization 
the solution was precipitated with about half the volume 95 per cent alcohol. This 
crude material was purified to a certain extent by repeated precipitations with 
add, and by extraction with 75 per cent alcohol as described below. The product 
obtained is designated as P2. 

Immune sera active for P2 were got by immunization of rabbits 
with the bacillary residue remaining after the preparation of PI. 
These sera had a considerable agglutinin titer for live typhoid bacilli. 

The product P2 dissolves readily in water and is precipitated by 
acidulating. It has the reactions and composition of a protein 
(N 17.2 per cent) and contains only faint traces of phosphorus and 
traces of lead-blackening sulfur. After hydrolysis for 5 hours only a 
slight or no reduction of Fehling’s reagent was found. 

By digestion with trypsin or treatment with antifonnin the sero- 
logical activity, tested by precipitation, was destroyed like that of 
PI. 

That specific substances differing from those just described are 
present in typhoid bacilli seemed to follow from the important study 
of Douglas and Fleming (17, cf. 11). These authors digested with 
trypsin typhoid bacilli previously extracted with acetone. Using 
this material they produced in rabbits immune sera which reacted 
with the solution resulting from the digestion after removal of an 
undigested part. The sera had a high bactericidal activity but a 
weaker agglutinating activity than ordinary immune sera and pre- 
cipitated more intensely the soluble digestion product. The authors 
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seem inclined to believe that this precipitable substance is a lower 
degradation product of proteins. 

On repeating 1 the experiments of Douglas and Fleming which deal 
with the precipitinogen we arrived at confirmatory results. The 
immune sera obtained had moderate agglutinating power (2000- 
5000) and only a slight precipitating action for the substances PI and 
P2. In conformity with these facts the immune sera for PI and 
P2 did not react with the solution resulting from digestion. 

When the solution resulting from digestion was made strongly 
alkaline and precipitated with alcohol a material was obtained with a 
high content in carbohydrates. Substances with similar properties 
could be prepared by various methods, c.g. as follows: 

Typhoid bacilli grown on agar were taken up in n/2 sodium hydroxide solution 
and kept for about 1 ? r hours at 37°C. After adding hydrochloric acid till only a 
slight alkalinity remained and centrifuging, the fluid was precipitated with 1$ 
volumes of alcohol, the precipitate was redissolved, and after removing some 
insoluble material and adding hydrochloric acid to make the solution n/10 it was 
again precipitated with H volumes of alcohol. 

This crude product, designated as C typ h., gave negative or faint 
protein reactions, yielded 39.4 per cent reducing sugars after hydrolysis 
for 5 hours with n/2 hydrochloric acid, and contained N 4.05 per cent 
(ash-free) . Qualitative tests for phosphorous were strongly positive. 
(A sample obtained after preciptation with barium hydroxide gave, 
on hydrolysis, about 46 per cent reducing sugars and had a N con- 
tent of 3.9 per cent.) 

Apparently the same substance can be extracted by dissolving the 
typhoid bacilli with alkaline hypochlorite solution as suggested by 
Altmann and Schultz, Krumwiede and Nobel. 

Typhoid bacilli grown on agar were suspended in saline, and antiformin was 
added in sufficient amount to cause solution of the bacteria at 55°C. When 
to this unneutralized solution alcohol was added an active substance separated 
out. This was suspended in water and after removal of some insoluble material 
again precipitated with alcohol. 

The preparation C t yph., exhibits serological reactions similar to those 
of the substance of Douglas and Fleming. Its serological activity, 

1 In place of acetone, alcohol was used for the extraction. 
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unlik e that of PI and P2. is not affected by tryptic digestion and 
treatment with antiformin (1-10 per cent solution for 30 minutes at 
37°C.). The preparation was not precipitated in as high dilutions as 
apparently similar substances from other bacilli. 

The precipitation tests performed with the preparations of B. 
typhosus described are summarized in Table I. 

TABLE I. 


Precipitation Tests with Various Preparations of B. typhosus. 


Preparation 

Dilution of 
antigen 

Immune sera prepared with 
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Whole bacilli 
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bacilli 

96 

31 




tr. 

++-S- 

f.tr. 

T 

f.tr. 



tr. 

0 

++=b 

tr. 

_L 

0 

pi 


0 

0 

-r 

0 

0 

0 



0 

0 

—i— 

0 

0 

’ 0 



HIS 

— 

0 

— 

— 

— 


1,000 




-r+ 

tr. 

0 





tr. 

ri-+ri- 

0 

0 

P2 

■raw? 



0 


0 

0 





0 


0 

0 


ijssSJE’ 

0 


— 

tr. 

- 

- 



■a 


0 

0 

LX 

0 



1 


0 

0 

++ 

0 

Ctyph. 


1 

■ 

0 

0 

-i- 

0 




■ 

0 

0 

tr. 

0 



1 


— 

- 

f.tr. 

- 

Agglutinin 

titer for 

50,000 

20,000 

100 

10,000 

2,000 

100 neg. 

live bacilli 








In this and the following experiments 1 drop of immune serum was added to 
0.2 cc. of the diluted antigen and the reactions were read after 2 hours incubation 
at room temperature. 


It seems from these experiments that the three preparations tested 
are distinctly different as to their serological reactions. This holds 
particularly for substance C. Between PI and P2 group reactions 
occur to a slight degree and both react weakly with an immune serum 
for C. Since this latter reaction did not disappear after treatment 
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with antiformin it is very probably due to the presence of C in PI and 
P2. With several other preparations the group reactions were more 
pronounced. 

When preparing PI the bacilli were extracted several times with 75 per cent 
alcohol. The first and second extracts reacted mainly with sera for PI whereas 
later extracts gave also considerable reactions with sera for C. In preparing P2 a 
similar behaviour was noted. The second saline extract gave a stronger re- 
action for C than the first. The content in C of the protein preparations could 
be reduced by repeated precipitations with acid. P2 could be freed to a certain 
extent from PI by dissolving in 1 per cent saline solution, adding alcohol to a con- 
centration of 75 per cent, boiling, and filtering hot. P2 was isolated from the 
insoluble part by dissolving in slightly alkaline water and precipitating with acid. 

Bacillus paratyphosus B . — From Bacillus paratyphosus B a specific 
substance was prepared by extraction with 75 per cent alcohol as 
described above. This preparation contained proteins and a con- 
siderable amount of carbohydrates. It was precipitated strongly by 
the ordinary paratyphoid B immune sera and induced the formation 
of agglutinins and precipitins when injected into rabbits. It was 
precipitated to a certain extent by immune sera for the substance 
PI of typhoid bacilli, but this reaction disappeared after digestion 
with trypsin or treatment with antiformin while the reaction with 
paratyphoid immune sera persisted after such treatment. This 
behaviour suggested the presence in the alcoholic extract of two specific 
substances analogous to the preparations Px and C from B. typhosus. 
In order to prepare the latter the following method was used. 

Bacilli previously extracted with hot absolute alcohol were heated on the steam 
bath with saline solution for about 1-J hours. The suspension was centrifuged, 
acidulated, and after the removal of the precipitate by centrifugalization the super- 
natant liquid was precipitated with alcohol. The precipitation with alcohol was 
repeated 2-4 times in acid and in alkaline solution. 

The substance which will be designated as C poro t yP b. b gave only faint 
protein reactions. After hydrolysis with n/2 hydrochloric acid for 
5 hours 63.8 per cent reducing sugar was found, calculated as glucose. 
An analysis gave the following figures for ash-free substance: C 
43.8 per cent, H 6.5 per cent, N 1.86 per cent, P 2.06 per cent, ash 
7.16 per cent. The yield was considerable and amounted to 10-20 
mg. per Blake bottle. 
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Tests for Species Specificity. 

The precipitable substances derived from typhoid and paratyphoid 
bacilli and the corresponding immune sera -were tested -with a number 
of other immune sera and antigens respectively (Tables IT, a, b, 
and III). 


table rr, a. 

Precipitation Tests with Pi from B. typhosus and Various Immune Sera. 


Immune sera obtained trith 


Dilutions 
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TABLE II, b. 


Precipitation Test of an Immune Scrum for PI and Crude 75 Per Cent Alcohol 
Exlrac's from Various Organisms. 


75 per cent alcohol extract obtained from 


Dilutions ot 
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0 
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0 

0 
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4* 
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0 

0 

500,000 

0 
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mm 
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It appears from Tabic II, a and b, that the serum against the sub- 
stance Pl 1JP h. gives marked group reactions with the analogous sub- 
stances of B. cnlcritidis, B. paraiyphosus B, and B. coli, and not with 
the preparations of the more distant organisms, V. cholcrx and 
Proteus HX19. This result was confirmed by tests with various 
immune sera. 

There were less pronounced group reactions with the preparation 


































Precipitation Tests for Specificity with the Preparations C. 
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P2. P2t yP h. was not acted upon in the dilutions tested by two com- 
mon immune sera against B. cnlcrilidis and gave a weak reaction with 
only one of two common immune sera against B. paralypJiosus B. 
A moderate reaction became evident when a serum. very active 
against P2t yp u. was tested with a crude P2 preparation of B. paraty- 
phosus B, and a faint reaction occurred with a similar preparation 
of Proteus HX19. 

The reactions involving the species specificity of the substances 
C are summarized in Table III. The substance C of V. choleras has 
already been described (13). C ox i 0 was obtained in a similar 
manner from Proteus OX19. 2 This latter product gave negative or 
faint protein reactions and had a carbohydrate content of 57.3 per 
cent after hydrolysis for 5 hours. A substance apparently with the 
same serological and chemical properties could be prepared from 
B. proteus HX19 with about the same yield as that got from Proteus 
0X19. C of B. enleritidis was prepared in the same manner as C tyP h- 
The yield of reducing sugars after hydrolysis of this substance was 
56.89 per cent (calculated as glucose for ash-free substance). 3 

In tests with the substances C showing strong reactions, the pre- 
cipitates appear generally in heavy flakes or membranes unlike the 
more fluffy precipitates of proteins as has already been observed by 
Avery and his co workers. 

DISCUSSION. 

The investigations reported may be regarded as an initial step in 
the study of the antigens of typhoid bacilli and related organisms. 
The work should be extended in various directions with special 
reference to the purification of the isolated products, and the r61e 
they play in the group reactions of the related species. Methods of 
preparation should be studied, a search made for additional active 
substances, and various strains of the same organism examined. 

The active substances thus far prepared fall into two groups differ- 
entiated sharply by their behaviour towards trypsin and alkaline 

2 A report on specific polysaccharides in Proteus HX 19 has been made recently 
byPrzesmycki (18). 

3 An antigenic solution of B. enleritidis, containing traces of proteins and much 
carbohydrate was dealt with recently by Branham and Humphreys (19) . 
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hypochlorite solution (antiformin). Those of one group (P) are 
easily destroyed by these agents and behave in general like proteins, 
while the others (C) are resistant to trypsin and considerably so to 
antiformin and yield a large quantity of reducing sugar on hydrolysis. 
There was no definite evidence in our studies with B. typhosus of the 
existence of lipoids as assumed by Schlemmer and others. 

The presence in bacilli in general and in typhoid bacilli especially 
of specific non-protein substances which do not induce antibody 
formation has been emphasized by Zinsser and Parker (14). An 
indication of the existence of such products can be found in the 
paper of Pick although he considered the possibility that his substances 
were disintegration products of proteins. A similar view was held 
by Douglas and Fleming (17) concerning their substances obtained 
by digestion. 

In the light of the well known studies of Avery and Heidelberger 
it seemed likely that the specific component in the products of the 
above authors may belong to the group of specific carbohydrates, a 
view substantiated by our findings. The immune sera obtained by us 
following the directions of Douglas and Fleming reacted on our sub- 
stance C which is almost free from proteins and rich in carbohydrates. 
This preparation C will probably prove to be a hapten in our ter- 
minology, i.e., a specific substance devoid of antigenic activity. 

Substances belonging apparently to the same group, that is to say 
yielding much sugar on hydrolysis and practically free from protein, 
were also found in B. paratyphosus B, B. cntcritidis, and Proteus 
HX19 and OX19. 2 

On cross-testing the various substances of the group C with the 
corresponding immune sera the strongest group reaction occurred 
between B. typhosus and B. cntcritidis, the homologous reactions 
being more intense. The substance of B. paratyphosus B was pre- 
cipitated by the sera for B. typhosus and B. cntcritidis though not very 
intensely. It is remarkable that the reciprocal reactions, namely 
those of the paratyphoid B serum with the substances from B. typhosus 
and B. cntcritidis were entirely negative. For an understanding of 
these relations further investigations are required, involving also 
absorption tests. With the substances and sera of microorganisms 
not belonging to the typhoid groups negative or only faint reactions 
took place. 
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B. TYPHOSUS AND B. PARATYPHOSUS B 


Observations similar to ours were made by Krumwiede and Nobel 
who found strong reactions of typhoid immune sera with antifo rmi n 
extracts of B. pullomm and B. sanguinari-uni and faint reactions with 
extracts of B. paratyphosus B. Probably the active substances in 
the antiformin extracts correspond to our preparations C. 

The tests with the preparations PI and P2 show that the proteins 
of a given bacillus may be sharply differentiated by serological reac- 
tions in the same way as the proteins of an animal species (20) or 
those of yeasts (21). No effort has yet been made to fractionate 
our active protein preparations or to isolate other precipitable pro- 
teins. 

The high antigenic power of the bacterial proteins is remarkable 
(22) and it may serve to explain some of the statements published 
on the antigenic activity of preparations from bacilli that are appar- 
ently protein-free. In view of the antigenic capacity of Pi it seems 
significant that the immune sera formed after injection of whole 
bacilli heated to 60 or 100°C. have ordinarily only a weak action on 
PI, so that it is necessary to immunize with the substance itself if 
one desires to obtain potent precipitins for PI. This phenomenon 
could be explained either by a change of the precipitable substance 
through the action of alcohol, or more readily by the masking of its 
antigenic activity in the original complex. To such an effect one 
may ascribe also the fact that the sera active for the various pre- 
cipitable fractions, especially the PI serum, are considerably less 
agglutinative than the common immune sera. Examples of both 
phenomena, namely of the failure of an immune serum for a complex 
antigen to react with the components of that antigen and of the failure 
of a serum for one component to react with the complex were en- 
countered in the study of blood antigens (23). Avery and his co- 
workers (24) have described similar findings in their work on pneu- 
mococci. 

By absorbing a common typhoid immune serum with bacilli treated 
with alcohol a fluid was procured which is supposed to contain the 
flagellar agglutinins (Smith and Reagh (25)) and indeed agglutinated 
live typhoid bacilli to a high titer and also suspensions containing 
flagellae (Orcutt (26)). The fluid failed to precipitate any of our 
precipitable substances. Similarly an immune serum for Proteus 
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HX19 after absorption with Proteus 0X19 did not precipitate the 
substance C* 13 although it agglutinated intensely B. protons HX19 
(not Proteus 0X19). Thus there is no proof as yet of a connec- 
tion of these precipitable substances with the so called “labile” agglu- 
tinogen. 


SUM3IARY. 

Attempts to confirm certain statements that ether-soluble specific 
substances can be obtained from B. typhosus have lead to negative 
results. 

Two serologically active protein substances and another that was 
non-protein have been separated from B. typhosus. The first two 
are not resistant to tryptic digestion or to treatment with alkaline 
hypochlorite solution whereas the third resists both. One of the 
proteins could be extracted with 75 per cent alcohol. 

Specific precipitable substances reacting like the non-protein sub- 
stance of B. typhosus and containing large amounts of carbohydrates 
have been prepared from B. paralyphosus B, B. cnteriiidis , and Proteus 
HX19 and 0X19. Observations on the serological behaviour of these 
preparations are described. 
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THE INFLUENCE OF THE ADRENAL GLANDS ON 
RESISTANCE. 


HI. Susceptibility to Histamine as a Test oe Adeenal 
Deficiency* 

By W. J. M. SCOTT, M.D. 

( Front the Department of Surgery , the University of Rochester School of Medicine 
and Dentistry ^Rochester, N. Y.) 

(Received for publication, November 17, 1927.) 

The participation of the adrenal glands in the non-specific resistance 
of the animal has been previously shown. The clearest and most 
significant demonstration of this function is probably found in the 
case of bacterial intoxications, using either dead bacteria or their 
soluble toxins. The proper dose of the usual pyogenic organisms, 
killed by heat, seriously injured none of the operated controls but 
killed all of the doubly adrenalectomized rats (8). This increased 
susceptibility of adrenalectomized rats has been verified in the case of 
standard typhoid vaccine by Marine and Jaffe (4) and for diphtheria 
toxin by Belding and Wyman (2). 

The resistance to suchbacterial toxic agents is undoubtedly of major 
importance in pathological physiology. But, in studying quantita- 
tively this function of the adrenal cortex, biological substances have 
the distinct disadvantage of variation, while a definite chemical com- 
pound with a somewhat similar pharmacological effect would be 
advantageous as a test substance. With this in view in 1923, while 
studying the effect of killed streptococci, the action of histamine was 
investigated in a few instances. Inasmuch as this substance seemed 
to possess the desired characteristics, the investigation of its effect has 
recently been studied in detail. 

There is very little in the literature about the susceptibility of 
adrenalectomized animals to histamine. Dale (3) originally found 

‘Presented in abstract before the American Society for Experimental 
Pathology, Rochester, New York, April 14. 1927. 
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that cats, while still in good condition after adrenalectomy, were 
prostrated and killed by surprisingly small doses of this chemical. 
This finding was verified by Ivellaway and Cowell (6). Banting has 
recently repeated this observation upon dogs (1). In both of these 
species, however, adrenalectomy results fatally within a few days. 
The present study reports the effect of histamine in the sublethal 
adrenal deficiency of rats. 1 


Methods. 

The plan of procedure was similar to that used in previous studies (7, 8). 
Rats {Mus norvegicus albinus) were kept in individual cages upon a standard diet 
and at a constant favorable temperature. After a period of observation they 
were operated upon, 2 both adrenals being removed from some, and one adrenal 
and a mass of fat from the site of the second adrenal were removed from others 
as a control upon the effect of the operation. The adrenals were removed by 
the dorsal route as being somewhat simpler than the ventral route used in the 
first study. 

At determined intervals after operation the resistance of the rats to histamine 
injected intraperitoneally and intramuscularly was tested. The compound used 
was ergamine acid phosphate (Burroughs Wellcome and Co.) and all the dosages 
are reported on the basis of milligrams of ergamine acid phosphate crystals per 
100 gm. weight of the animal. This contains about one-third of the amount of 
histamine base. The animals tested in this manner were all active and were 
eating well. Any showing clinical evidence of adrenal insufficiency were ex- 
cluded. The chemical was usually given intraperitoneally 14 days after 
operation. 


Results. 

The rat is ordinarily very resistant to histamine. I have not de- 
termined exactly the minimum lethal dose for my control animals due 
to the expense of the large amounts required. An operated control 
rat was apparently recovering from 1 10 mg. of ergamine acid phosphate 
per 100 gm. given in two doses 25 minutes apart and required another 
large dose 2 hours later to kill it. 30 mg. of ergamine acid phosphate 
per 100 gm. intraperitoneally was not fatal to four control rats and 

1 Since writing this report 1 have found a statement by Crivellari (Crivellari, 
C. A., Am. J. Physiol, 1927, Ixxxi, 414) that adrenalectomized rats have a 
greatly increased susceptibility to histamine. 

2 All operations were carried out under ether anesthesia. 
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killed one operated control rat that had recently survived an injection 
of peptone. In fact the amount of histamine that is required to kill 
normal and operated control rats is enormous. Voegtlin and Dyer (9) 
reported the minimum lethal intravenous dose of histamine phosphate 
to be 90 mg. per 100 gm. The mode of administration affects the 
outcome greatly, and undoubtedly the minimum lethal intraperitoneal 
dose is larger than when the substance is given intravenously. All 
of 12 operated control rats survived doses of 10 to 20 mg. of ergamine 
acid phosphate per 100 gm. For tissue study eight others were 
sacrificed in excellent condition, obviously recovering from the tran- 
sient effects of the injection in the same dosage when the doubly 
adrenalectomized animals died or were moribund. In fact none of the 
normal or operated control animals were rendered comatose or non- 
reactive to stimulation by this dose. The maximum effect of it was 
transient respiratory difficulty and a quieting of the animal. 

Of 36 doubly adrenalectomized rats all but two were killed by this 
dose (10 to 20 mg. per 100 gm.). In 28 of these the drug was given 
intraperitoneally, with fatal result in each instance. In addition to 
these seven other adrenalectomized rats, given the same amount of 
histamine intraperitoneally, were sacrificed for histological study in a 
moribund condition The only two doubly adrenalectomized rats 
to survive 10 mg. per 100 gm. of ergamine acid phosphate were given 
the drug intramuscularly. Six others injected in the latter manner 
were killed by 15 mg. per 100 gm. Two of the rats that as controls 
had survived 10 mg. per 100 gm. were later killed by the same dose 
after the second adrenal was removed. The exact time intervals 
after operation, the period of survival and the mode of injection may 
be determined from the tabulation (Table I) . Most of the rats were 
injected intraperitoneally about 14 days after operation. All that 
were tested were in good condition and were indistinguishable in ap- 
pearance and behavior from the operated control rats in adjoining 
cages. Most of them had lost a little weight after operation (averag- 
ing 5 per cent). Such was not the cause of the fatal effect, however, 
as the latter occurred even when the weight loss was absent. 

The striking difference in susceptibility to histamine displayed by 
the adrenal deficient and the control animals is shown also in the 
effect of larger doses. Compare the result of injecting 60 mg. per 100 
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TABLE I. 


Effect of Ergaminc Acid Phosphate in Adrcnalcclomizcd and Control Rats. 


Rat 

Operation 

Injection 

Result 





Inter- 





No. 

Sex 

Weight 

Removal of 
adrenals 

val 

since 

opera- 

Weight 

Methodf 

Dose 

Period of survival 
in hrs. 





tion 







gm. 


days 

gm. 


ms- per 
100 (m. 


B1 

9 

212 

Left* 

81 

212 

P 


Survived 

B2 

9 

235 

Right* 

81 

250 

P 

30 

24 

B3 

9 

216 

Right* 

67 

216 

P 

10 

Survived 

B4 

9 

245 

Right* 

70 

263 

P 

20 

Survived 

B5 

o' 

180 

Right* 

23 

1S9 

P 

20 

Survived 

B7 

o' 

250 

Right* 

7 

237 

P 

20 

Survived 

R2 

o' 

300 

Right* 

12 

30S 

P 

10 

Survived 

R 3 

9 

258 

Right* 

12 

254 

P 

10 

Survived (cf. R3 









later) 

R5 

9 

308 

Right* 

12 

310 

P 

10 

Survived (cf. R5 









later) 

R8 

9 

142 

Right* 

12 

140 

P 

10 

Survived 

R13 

& 

198 

Right and 

14 

224 

m 

15 

Survived 




spleen 






R18 

cf 

— 

None 

— 

294 

M 

30 

Survived 

R20 

9 

184 

Right* 

16 

192 

M 

15 

Survived 

R3S 

cf 

220 

Right* 

4 

220 

P 

60 

Recovering when 









sacrificed after 2 
hrs.(e/.withR41) 

R39 

o' 

228 

Perirenal fat 

4 

220 

P 

10 

Survived 

R40 

o' 

240 

Right* 

4 

245 

P 

ISO 

Moribund after 45 







and 


min. 







M 



B6 

9 


Both 

21 

205 

p 

15 

i 

B8 

9 

216 

Both 

7 

20S 

p 

20 

2* 

B9 

9 

177 

Both 

7 

160 

p 

mm 

44 

BIO 

9 

207 

Both 

7 

205 

p 


1 

R1 

o' 

360 

Both 

12 

324 

p 


35 min. 

R3 

9 

254 

Second 

7 

230 

p 


2 (cf. R 3 above) 

R4 

9 

218 

Both 


196 

p 


1< 

R5 

9 

310 

Second 

KX 

302 

p 


2 (cf. R5 above) 


* In most of the control operations when one adrenal was removed, the other 
adrenal was exposed and a piece of fat from its vicinity was removed to reproduce 
as completely as possible the physical conditions of the bilateral extirpation, 
t In this column P signifies intraperitoneal and M signifies intramuscular. 
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TABLE I — Concluded. 


Rat 

Operation 

Injection 

Result 

SMI 

a 

HH1 


Inter- 





No. 

9 

■1 

■Removal o! 
adrenals 

val 

since 

opera- 

Weight I 

dethadt 

Dose 

Period of survival 
in hrs. 


■ 

iMral 


tion 







M 


days 

***** 


r-.g. per 
100 gn. 


R6 

9 

174 

Both 

12 

160 

p 

10 

40 min. 

R7 

9 

wm 

Both 

12 

256 

p 

10 

If 

R9 

9 

l&l 

Both 

12 

2D2 

p 

10 

40 min. 

RIO 

9 

218 

Both 

12 

194 

p 

10 

2 

Rll 

d” 

184 

Both 

12 

206 

M 

10 

Survived 

R12 

o’ 

208 

Both 

12 

224 

M 

10 

Survived 

R14 

o' 

220 

Both 

13 

216 

M 

15 

2 

R1S 

o' 

218 

Both 

13 

212 

M 

15 

2 

R16 

o' 

192 

Both 

13 

190 


15 

1 

R17 

9 

148 

Both 

12 

138 


15 

25 min. 

R19 

9 

160 

Both 

17 

154 

M 

15 

21 

R21 

9 

144 

Both 

16 

136 

M 

15 

4! 

R22 

& 

264 

Both 

14 

250 

P 

10 

45 min. 

R23 

& 

278 

Both 

14 

265 

P 

10 

n 

R24 

o' 

234 

Both 

14 

205 

P 

10 

n 

R25 

& 

250 

Both 

14 

234 

P 

10 

H 

R26 

cf 

232 

Both 

14 

205 

P 

10 

if 

R27 

o' 

280 

Both 

14 

260 

P 

10 

if 

R28 


242 

Both 

14 

250 

P 

10 

n 

R29 

tf 

244 

Both 

14 

245 

P 

10 

30 min. 

R30 

o' 

278 

Both 

14 

252 

P 

10 

1 

R3i 

<? 

256 

Both 

14 

250 

P 

10 

n 

R32 

<? 

262 

Both 

14 

255 

P 

10 

45 min. 

R33 

o' 

212 

Both 

14 

220 

P 

10 

1 

R34 

o’ 

224 

Both 

1 

— 

P 

10 

1 

R35 

Mi 

202 

Both 

1 

— 

P 

10 

50 min. 

R30 

If! 

210 

Both 

4 

200 

P 

10 

40 min. 

R37 

Ira 

242 

Both 

4 

235 

P 

20 

25 min. 

R41 

o' 

246 

Both 

4 

230 

P 

60 

2 min. (cf. with 









R38) 


gm. in Rats R38 and R41, both active and in good condition before 
injection. The operated control animal was sacrificed 2 hours after 
the injection, apparently recovering from it, while the doubly adre- 
nalcctomizcd rat was killed by the histamine in 2 minutes. 

Most doubly adrcnalectomized rats, then, are killed by his tamin e 
in doses that produce only transient symptoms in operated control 
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rats and, in my experience, 10 mg. per 100 gm. of ergamine acid phos- 
phate injected intraperitoneally has regularly proven fatal, if given 
in the 2nd week after bilateral adrenalectomy. 

DISCUSSION. 

As the first corollary of this work I propose the reaction of rats to 
histamine injected intraperitoneally in the 2nd week after operation as 
one test of adrenal deficiency. While we have not directly proven that 
the function demonstrated in this diminished resistance to histamine 
is cortical, from its results viewed in the light of certain previous in- 
vestigations this conclusion appears to be justified. Kellaway and 
Cowell (6) correlated the fatal effect of small doses of histamine in 
their operated cats with the destruction of the cortex and not with 
the loss of the medulla. Banting (l) found that adrenalin could not 
counteract the fatal effect of minute doses of histamine for adrenalec- 
tomized dogs. And Jaffe (5) demonstrated that autoplastic cortical 
transplants increase the diminished resistance of adrenalectomized 
rats to the toxic effect of killed bacteria. Thus, in correlating these 
findings with our data it appears that the function involved is cortical 
and is not related to adrenalin deficiency. 

Physiological studies of the adrenal cortex have been handicapped 
by the fact that there has been no definite simple criterion of its 
function in any but the terminal phases. This has made extremely 
difficult the important search for a substitution product to compen- 
sate for lost cortical function. Changes in the blood chemistry of 
these animals, while striking in the terminal stages, are not sufficiently 
delicate or constant in the period of well being of the animal to serve as 
an index Of the effect of any procedure upon the adrenal deficiency. 
While less desirable than a chemical index that could be followed in 
the same animal, the reaction of adrenalectomized rats to histamine 
offers a method of determining the substitutive effect of a procedure 
for that adrenal function which influences the non-specific resistance 
of the animal. At the present time this test is being used in a study 
of the efficacy of adrenal cortex extracts. 

During the course of this study interesting abnormal responses on 
the part of the peripheral vascular system in adrenal insufficiency have 
been observed. These will be reported in a separate paper. 
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CONCLUSIONS. 

1. The resistance of rats to histamine is greatly diminished after 
adrenalectomy. 

2. This susceptibility to histamine is proposed as a functional test 
for deficient adrenal cortex function. 
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STUDIES IN THE COMMON COLD.* 


II. A Study of Certain Gram-Negative Filter-Passing Anae- 
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The common cold is generally conceded to be of infectious origin. 
Attempts to assign the causative role to the bacteria more readily 
found in the upper respiratory tract during infection or in health have 
been uniformly unsuccessful. Such organisms have included, Micro- 
coccus catarrhalis, B. pfei fieri, pneumococcus, streptococcus, staphylo- 
coccus, diphtheroids, certain anaerobes and various other bacteria. 
It is perfectly clear that several of these, such as, hemolytic streptococ- 
cus, B. pfeifieri, Staphylococcus aureus and pneumococcus, play an 
important part in the later phases of infection or in complications, but 
the actual inception of the cold would seem to be due to an organism or 
organisms as yet unknown. Much favorable evidence has been put 
forward (chiefly by transmission experiments) to implicate a filter- 
passing virus (Kruse (1), Foster (2), Olitsky and McCartney (3)); 
other observers, however, have obtained unconvincing results 
(Schmidt (4), Williams ct al. (5), Branham and Hall (6), Robertson 
and Groves (7)). 

Olitsky and McCartney (3), in their work with cold cultures, grew 
certain filter-passing anaerobes, previously described by Olitsky and 
Gates (8), to which they preferred to assign no etiological role in view 
of their occasional appearance in healthy normal individuals. 1 It 
was hoped that a careful study of the incidence and biological character 
of these new organisms might provide a due to the solution of the 

* This study was made possible by a grant from the Chemical Foundation, Inc. 
1 Branham (9) in a recent study of the occurrence of anaerobes in normals, 
influenza, colds, etc., has isolated and studied a number of these organisms. 
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problem. These organisms, as originally described by Olitsky and 
Gates, and further studied by Olitsky and McCartney, are anaerobic, 
Gram-negative bacilli, which pass through Berkefeld V and N 
filters, and which are culturally and serologically distinct from B. 
pneumosiitics. 

It has been pointed out in a previous paper (10), that familiarity 
with the bacterial flora of the upper respiratory tract in health is a 
prerequisite to correct interpretation of findings in the course of in- 
fection. Accordingly, during the first part of the investigation, a 
group of healthy normals was followed for a period of several months 
to determine the presence of these filter-passing anaerobes; during the 
same period search for the organisms was carried out in these subjects 
when they acquired colds and in many other individuals suffering from 
typical colds. During the 2nd year, less emphasis was placed upon 
the stud}' of normals and much time was given to determining the 
occurrence of these organisms in persons with typical colds. Through- 
out the work many of the organisms, from both normals and cold cases, 
were studied culturally and serologically in an endeavor to demon- 
strate “normal” or “cold” strains. 

Methods. 

Material . — In the winter of 1925-26, five healthy normal individuals were 
studied over a period of 5 months for the presence in their nasopharynges of 
Gram-negative, filter-passing anaerobes of the type noted above. During this 
period six colds occurred in the group and were similarly observed. At the same 
time nasal washings from twenty-seven other individuals suffering from typical 
colds were studied. In the winter of 1926-27, three normals were followed more 
or less continuously, and material obtained from sixty-seven cold cases for 
study; fifty-five of these colds occurred in members of the office staff of the 
American Telephone and Telegraph Company, 2 and the remainder in hospital 
personnel, students and patients. 

Time of Cultures . — In the normals studied, cultures were made weekly at 
first and later at 2 to 3 week intervals. In cold cases, cultures were single ones, 
taken within the first 24 hours of infection. 

Method of Obtaining Culture Material . — The material for culture consisted of 
washings obtained by running various solutions (warmed) gently into the nose 

2 Permission to make use of the abundant clinical material in this large group 
of individuals was very kindly granted us by Dr. Cassius Watson of the American 
Telephone and Telegraph Company. 
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(5 cc. per nostril) and thence out through the mouth: in addition, subjects 
usually added 10 to 15 cc. by gargling. During the 1st year of the work, stock 
buffered broth (pH 7.6) was used for the washings. When the study was ex- 
tended to the American Telephone and Telegraph Company group. Ringer's 
solution, as recommended by Olitsky and McCartney (3), was substituted be- 
cause of the disagreeable taste of the broth. Our results with this fluid were 
so rarely positive that after a few weeks we returned to the use of broth. Both 
Ringer’s solution and physiological salt solution seem to be bactericidal for these 
delicate organisms, and successful culture is much more likely when broth is 
used in washing out the nasopharynx as survival during the period of filtration 
and transfer is enhanced. 


TABLE I. 

Incidence of Gram-Negative Anaerobic Organisms in a Normal Subject (F. M. E.) 
on Seven Successive Cultures. 


No. 

Date 

Culture media 

Blood plate 

Smithy ' 
Xogucbi 

■ 

B. colt broth 

Dextrose 
broth and 
kidney 

Dextrose 
broth and 
kidney, 
aerobic or 
blood broth 

i 

11-11-25 

— 

■f 







2 

11-25-25 

+ 

— 

— 

— 

— 

0 

12- 7-25 

— 

— 

+ 

— 

_ 

4 

12-21-25 

— 

— 

+ 

— 

— 

5 

1- 4-26 

— 

— 


_ 



6 

1-18-26 

— 

— 

+ 

+ 

J- 

7 

2- 2-26 

+ 

- 


+ 



+ = growth. 


Cultural Methods . — The nasal washings thus obtained were collected in sterile 
bottles and thoroughly shaken with glass beads. Some of this material was 
inoculated upon fresh 5 per cent rabbit’s blood agar plates and incubated 
aerobically. 

The remainder of the material was passed through Berkcfeld V filters. About 
0.5 cc. of the filtrate was seeded routinely in various media, as follows: 1925-26, 
Smith-Noguchi medium, as modified by Gates and Olitsky (11), B. coli broth 
(12), fresh, moist, 5 per cent rabbit’s blood agar plates and dextrose broth; 
1926-27, Smith-Noguchi media, fresh rabbit’s blood agar plates and rabbit’s 
blood broth. Cultures were incubated anaerobically, anacrobiosis being ob- 
tained with the Brown modification (13) of the McIntosh and Tildes (14) jar. 
Tlatcs were examined after 1 week. Fluid cultures were plated after 1 week 
m the case of Smith-Noguchi media plating was repeated after 2 weeks Study 
of each case, therefore, took at least 2 to 3 weeks. The reason for the multi- 
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plicity of medium inoculations noted above lay in the fact that the growth of 
these delicate organisms is so uncertain that dependence upon one medium 
alone leads to many negative results although organisms are actually present in 
the washings. The following record of seven successive cultures in one of the 
normals studied in 1925-26 illustrates this point, Table I. It will be seen from 
this table that the incidence of positive single cultures in the complete series is 
eleven out of thirty-five (31 per cent); actually the washings were positive in 
six of the seven attempts to recover the organisms, a real percentage incidence 
of 86 per cent. 

During the 2nd year, as noted above, three culture media per washing were 
deemed sufficient; in our 1st year’s experience we had found that positive results 
were more frequently obtained with the use of blood plates, blood broth and Smith- 
Noguchi media. An additional reason for our use of the last named culture 
medium lay in the fact that we were particularly interested in the possible in- 
cidence of B. pneumosintes, and it has been emphasized by Olitsky and Gates (12), 
and Gates and Owens (15) that primary cultures of this organism are obtained 
on this medium only. 

Additional cultural methods that were used in an effort to grow the organisms 
more easily, more surely or in profusion, and which were discarded as unsatis- 
factory or inferior included inoculation of potato broth, blood agar, pH 7.2, 
plain broth, sugar broth and blood agar to which filtered fresh tomato juice had 
been added, agar blebs in rats and chick embryos (16). 

For determining sugar fermentations, chocolate broth with 1 per cent of 
various sugars tested was used. Preparation was as follows: NaCl meat in- 
fusion broth, pH 7.2, plus 4 per cent rabbit’s blood was heated to 90°C., filtered 
through paper, and after addition of sugar (1 per cent) was passed through 
Berkefeld V filters and tubed. After inoculation, tubes were incubated 1 week 
and any changes in pH determined colorimetrically. The broth in each case 
was plated and reincubated for check upon growth or survival of the organisms. 

Motility . — This was determined by dark-field illumination. There was 
marked Brownian movement in all cultures tested. Organisms were considered 
to be motile only when definite progressive motion was observed. 

Serological Methods . — Agglutinating sera were prepared by injecting rabbits 
with live cultures. Three successive daily injections per week for 6 weeks were 
planned. The marked difficulty, however, of obtaining uniform quantities, of 
the organisms at the times needed led to occasional departures from this routine. 
Agglutination reactions were done in the water bath at 56°C. (2 hours) ; readings 
were made after leaving the tubes in the ice box overnight. Dilutions were 
carried up to 1 :320 whenever sufficient organisms were available. . Absorption 
experiments were not undertaken because of the difficulty in growing sufficient 
organisms; moreover, cross-agglutination was so infrequent that use of this 
method was rarely indicated. 
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Incidence of Gram-Negative Anaerobes. 

Incidence in Normals . — A summary of the results of attempts to 
isolate Gram-negative filter-passing anaerobes from normals in 1925- 
26 is shown in Table II. During this period broth only was used for 
nasal washings. The percentage incidence for the group is 78.6 per 
cent. Case 1 shows a low incidence, 50 per cent. The organisms 
were recovered from the other individuals at nearly every examination. 


TABLE II. 

Incidence of Gram-Negative Anaerobic Organisms in Normals, Winter of 1925-26. 


Subjects 

No. of examinations 

Posith e cultures 

Incidence 

K. C. M 

14 

7 

percent 

50 

F.M.H 

7 

6 

86 

R. F. L 

3 

3 

100 

E.R 

3 

3 

100 

G. S. S 

15 

14 

94 

Totals 

42 

33 

78 6 


TABLE III. 

Incidence of Gram-Negative Anaerobic Organisms in Normals, Winter of 1926-27. 


Subjects 

No of examinations 

Posith t cultures 

Incidence 

K.C.M 

7 

6 

f-er cent 

85 7 

S 

2 

i 

50 

G. S. S 

6 

4 

66 6 

Miscellaneous 

5 

3 

60 

Totals 

20 

14 

70 


In 1926-27 washings were first made with Ringer’s solution, and 
during this period (about 2 months) the percentage incidence was only 
21.4 per cent. We therefore discarded this method and returned to 
the use of broth. This change proved to be justified as we now ob- 
tained a 70 per cent incidence, a result comparable to the findings of 
the 1st year, Table III. 

I he net incidence therefore of these organisms, in normals, without 
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consideration of their type or of pathogenicity, is quite high. When 
one remembers the extreme difficulty of their cultivation it seems fair 
to assume that these organisms constitute part of the normal flora of 
the nasopharynx. That their habitat is the nasopharynx was shown 
by our ability to recover the organisms regularly from gargled broth 
and our failure to cultivate them from teeth and gums. 

Incidence in Colds . — In 1925-26 six colds occurred in the normal 
group; Gram-negative filter-passing anaerobes were recovered from 
half of these. During the year, twenty-seven other colds were cul- 
tured with thirteen positives. The percentage incidence for the year 
was 48.5 per cent. Broth was used for all washings. 


TABLE IV. 

Comparison between Incidence of Gram-Negative Anaerobic Organisms in Normals 

and in Colds, 1925-27. 


Year 

Normals 

Colds 

No. of ex- 
aminations 

Positive 

cultures 

Incidence 

No. of ex- 
aminations 

Positive 

cultures 

Incidence 




percent 



per cent 

1925-26 

42 

33 

78.6 

33 

16 

4S.5 

1926-27 

20 

14 

70 

9 

4 

44.4 

Totals 

62 

47 

75. S 

42 

20 

47.4 


During 1926-27 sixty-seven colds were studied. Ringer’s solution 
was used for washings in the first twenty-seven with only one positive 
result. We therefore went back to the use of broth as in the work 
with normals. Following this change, local colds showed the organ- 
isms again in about the percentage noted for the previous year, 44.4 
per cent. In the American Telephone and Telegraph Company 
group however, the incidence remained quite low (9.4 per cent). Our 
failure to recover the organisms from these cases may well be attrib- 
uted to the fact that cultures were transported over considerable 
distances and that the time elapsing between making the washings 
and filtration and cultural procedure often ran to 2 or 3 hours. 

Table IV shows a summary of the findings in colds and a comparison 
between these results and those obtained in normals. 
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In normals, the percentage incidence was based upon several cul- 
tures per individual, while one culture per person was the rule in colds. 
That this was not a source of error in comparing the two groups is 
shown by the fact that the percentage incidence in normals, obtained 
by using the results of their first cultures only, was 80 per cent in the 
1st year and 75 per cent in the 2nd. 

Cultures in which Ringer’s solution was used for washings have 
been purposely omitted as have the American Telephone and Tele- 
graph Company colds, because conditions here were not comparable. 
If one leaves out of consideration possible variations in strain, and 
notes only changes in gross incidence, it will be seen at once that 
Gram-negative anaerobes of the type under consideration appear much 
less often in colds than under normal conditions. As will appear 
shortly, we have been able to produce no evidence in favor of the fact 
that such types as “cold strains” exist. Hence we are justified in 
concluding that there is a definite reduction in the incidence of these 
anaerobes in the course of colds, a thing hardly to be expected if these 
organisms bear an etiological relationship to colds. It is worthy of 
note that we have demonstrated in a previous paper (10) a similar 
quantitative reduction, during colds, of most of the organisms that 
are commonly considered to be normal non-pathogenic inhabitants of 
the nose and throat, i.c., Staphylococcus albus, diphtheroids, Gram- 
negative cocci, etc. 

Attention should be called to the fact that at no time in our work 
with normals and with colds (we had no cases of influenza) did we 
recover typical B. pneumosinlcs. We made every effort to cultivate 
the organisms except the use of animal transmission, and followed 
carefully all the dicta of Gates and Olitsky (12) and Gates and Owens 
(15). Also none of our Gram-negative anaerobes agglutinated with 
the one B. pneumosinlcs serum we were able to prepare.* The impor- 
tance of this negative observation lies in the fact that Olitsky and 
Gates have stated that this organism is never found in normal throats 
and appears only in influenza. 

’Culture of B. pneumosinlcs (C17, isolated April 10, 1918) kindly given to us 
by Dr. Olitsky of The Rockefeller Institute, in July, 1925. 
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Cultural and Biological Characteristics. 

Material j or Study. — During the course of the investigation, Gram- 
negative anaerobic bacilli were recovered seventy-six times. From 
these, twenty-nine strains were preserved for detailed study; of this 
group eighteen were from normals and eleven from colds. Most of 
the collected strains were obtained during the 2nd year of the work. 
The strain of B. pncumosintcs referred to above was added to the group 
for parallel study. All but three of the strains were obtained by 
routine inoculation of the media enumerated above with filtrates 
from washings. In the case of the exceptions, unfiltered washings 
were injected into agar blebs in the abdominal walls of rats, and the 
organisms recovered in two cases from the bleb and in the third from 
the heart and lungs. These strains were never passed successfully 
through filters, but morphologically and culturally they were identical 
with the organisms of the group, therefore they were included for 
study. 

Olitsky and Gates (8) and Olitsky and McCartney (3) have divided 
the organisms into three definite types (I, II, III) on the basis of 
morphological, cultural and serological differences. Our results, as 
will be noted below, although showing rather looser groups, are in 
general agreement except for our serological findings. In the de- 
scription that follows we have made use of their classification. 

Morphology and Staining . — The organisms are extremely variable in appear- 
ance. The chief forms encountered were minute coccobacilli, short fairly straight 
delicate bacilli (smaller than B. pfcijfcri), slender curved comma bacilli and 
long slender spirilliform bacilli. The range in length was from 0.2 to 6.0 micra. 
Of these, the coccobacilli usually remained true to type (Group 11) while the 
remaining strains (Groups I and 111) frequently appeared in one or more of the 
other forms. In Group 1 the most distinctive type was the comma bacillus 
although some of the strains in this group never showed this form. In Group JI1 
the most distinctive type was a small delicate straight bacillus. The organisms 
decolorize easily by Gram’s method. Dilute carbol fuchsin was found to be the 
best counterstain. There was occasional irregular staining in the longer forms, 
giving a beaded appearance to the organisms. 

Motility . — Twelve of the twenty-nine strains showed motile forms. We 
were unable to demonstrate any relationship between motility and type. 

Filtrability . — All strains except the three noted above were recovered from 
filtrates of washings passed through Berkefeld V candles. Attempts to pass the 
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organisms through ffiters after we had them growing failed in all instances but 
one, and in this case we were unable to confirm the result because of contamina- 
tion of the culture. It is of special interest to note that in two out of three 
attempts, passage through chick embryos restored filtrability of the organisms. 

Cultural Characteristics— The organisms are strictly anaerobic. They will 
survive, however, for many days upon plates or in broth under aerobic conditions. 

Growth in Fluid Media.— A certain number of the strains usually grew readily 
in fluid media (1). Others were characterized by the great difficulty of their 
cultivation in this medium (11, HI). Growth was always difiuse. Of the 
media used, blood broth gave the most satisfactory results, B. ccli broth was 
nest and Smith-Noguchi medium least useful. Our strain of B. pneumosintes 
grew very well in these media. 

Growth on Solid M edia .—' Growth on blood agar plates was generally satisfactory, 
although often scanty and rarely profuse. On several occasions however, we 
observed very luxuriant growth on some of the plates. IV e made many attempts 
to find a cause for this unusual growth, but could not account for it, although 
we were able to demonstrate that it was not a symbiotic phenomenon. Blood 
agar plates were much the most satisfactory for preservation of stock strains. 
Growth on tomato juice blood agar was very good; it was poor upon chocolate 
agar. That the organisms are not strict hemoglobinopbiles was shown by their 
capacity for moderate growth on plain agar plates. On blood plates there was 
slight hemolysis at times, most marked in the case of the coccobacillary type. 

Colony formation on blood agar plates was very variable, except in the case 
of the coccobacillary group (11) which grew uniformly as smooth translucent 
dewdrop colonies, quite similar to B. pneumosintes but smaller. A second group 
(1) appeared often as fine, opaque, conical colonies with smooth edges; they fre- 
quently showed variations however, which included granular consistency, rough 
edges or rounded tops. A third group (HI) was entirely inconsistent as to 
colony formation; its most frequent appearance was as a flat, slightly granular, 
opaque colony with irregular edges and raised center, other forms included small 
smooth, large granular rounded, or large smooth brown colonies with metallic 
sheen, the last often leaving a brown area on scraping the plate. One organism, 
N'ShS, morphologically HI, fell into none of these groups; for 2 years it showed 
fairly consistently flat, granular, translucent colonies with irregular edges. The 
first and last mentioned types constituted a very small proportion of the whole 
group studied; accordingly colony formation seems to be an uncertain criterion 
for classification of the organisms. 

Sugar Fermentations .—' The paucity of growth of these organisms in fluid 
media made determination of their sugar fermentations difficult; absence of 
sugar splitting may occasionally have been due to scanty growth. Fairly definite 
conclusions have been arrived at by repeated experiments. 

Sugars used were dextrose, saccharose, galactose and levulose. Of the twenty- 
nine strains studied, eight fermented dextrose; the usual final pH was 5.2; these 



TABLE V. 

Summary of Agglutination Reactions with Six Representative Sera and One B. pneumosintes Serum. 

Agglutinating sera 

Strains tested Type I I Type IX I Type III I 
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strains also fermented the other three sugars. B. pueutnosinles which was tested 
also split all four sugars. The remaining twenty-one strains failed to ferment 
any of the sugars tested. The first named eight strains fell into Group J, 

Serological Characteristics . — Preparation of the agglutinating sera was beset 
with many difficulties as noted above. Six sera in alt were made; three of these 
with Group I organisms (two cold strains and one normal), one with a Group II 
strain (normal) and two with Group III organisms (one cold and one normal 
strain). A B. pneumosintes serum was prepared for parallel tests. Wc were 
unable to determine the titre of the Group II serum as we failed consistently 
to cultivate enough of the homologous organisms to perform satisfactory' agglu- 
tination reactions. 

Table V shows the results. Organisms are arranged according to their morpho- 
logical and cultural classification. Strains obtained from normals are indicated 
by the strain symbol N and those from colds by a C. In Group 1 there were 
four strains from normals and five from colds, in Group 11, four from normals 
and one from a cold, and in Group III, ten from normals and five from colds. 

Reference to the findings in the table shows that there is very' little evidence 
of serological homogeneity in "cold” or “normal” strains or in the three cultural 
groups. No cross-agglutination occurred between “cold” strains either in or 
out of the cultural groups. Twice only there was agglutination of “normal” 
strains by “normal” sera; NM4 and 13 (from same person) by serum NMc 
(Group I) and NMR by serum NDs (Group 11). Twice “normal” strains were 
agglutinated by “cold” strains: NMISs by serum CH (Group 1) and NM2 and 
NSh9 by serum CW (Group 111). Agglutination in Group 11 was most un- 
satisfactory for the reasons referred to above; as most of these organisms came 
from normals and as our principle endeavor was to demonstrate “cold strains," 
this lack is of little importance. Except for the occasional cross-agglutination 
noted above we were unable to confirm the findings of Olitsky and McCartney 
that strains in the cultural groups are serologically related. There was no 
agglutination of “normal” or “cold” strains by the B. pacumosintcs serum. 

Summary . — Our observations regarding this group of organisms 
with respect to their morphological and cultural characteristics and 
classification are in general accord with those of Olitsky and Gates and 
Olitsky and McCartney, although we have noted rather wide varia- 
tions in Groups I and III. Contrary to the findings of these authors 
our strains could not be grouped serologically. Although we have 
been able to divide the organisms into three classes we have been 
impressed by the heterogeneous character of the group. 
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DISCUSSION. 

Three outstanding facts appear from this study. (1) The organ- 
isms in question are a heterogeneous group, (2) they are nearly always 
present in the upper respiratory tract and (3) there is a decrease in 
their incidence during colds. 

The lack of homogeneity among the strains was striking. Varia- 
tions in morphological and cultural characteristics were the rule, even 
in the subgroups, and very little serological interrelationship was 
evident. We were unable to demonstrate either “cold” or “normal” 
strains. In regard to their heterogeneity these organisms resemble 
such poorly differentiated non-pathogens as B. coli or perhaps B. 
pjeijJ er i. It is true that virulent strains are sometimes noted among 
such organisms and it may be possible that such pathogenic strains 
exist among these Gram-negative filter-passing anaerobes, but we 
were able to produce no evidence in support of this. 

The organisms seem to be part of the harmless normal flora of the 
upper respiratory tract. Probably their percentage incidence would 
rise higher than that noted by us (75 per cent) if cultural methods 
could be further improved. The reduction in their incidence in colds 
makes improbable the assumption that they bear a causal relationship 
to these infections. In fact, as pointed out above, this decrease is 
much more in keeping with the conclusion that they constitute part 
of the normal non-pathogenic flora of the upper respiratory tract. 

CONCLUSIONS. 

1 . A study of the Gram-negative, filter -passing, anaerobic organisms, 
described by Olitsky and Gates, and Gates and McCartney, has been 
undertaken with a view to determining their general character and 
their possible r&le in the causation of the common cold. 

2. These organisms seem to constitute part of the normal flora of 
the upper respirator}- tract and would seem to bear no etiological 
relationship to the common cold. 

We wish to acknowledge our indebtedness to Dr. Cassius H. Watson 
of the American Telephone and Telegraph Company and his pro- 
fessional staff for assistance in obtaining nasal washings from colds. 
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STUDIES ON A PARATYPHOID INFECTION IN 
GUINEA PIGS. 

IV. the Course of a Second Type of Salmonella Infection 
Naturally Appearing in the Endemic Stage. 

By JOHN B. NELSON, Ph.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research , Princeton, N. J.) 

(Received for publication, November 26, 1927.) 

The appearance of a second type of Salmonella in a guinea pig popu- 
lation during the endemic stage of a spontaneous outbreak of para- 
typhoid disease was reportedin an earlier paper (1) . The earliest cases 
of the first infection occurred in the summer of 1924. The associated 
organism became rapidly disseminated throughout the population; 
particularly through the breeding stock, and for a period of 8 weeks a 
moderately high specific death rate ensued. The epidemic subse- 
quently declined to an endemic level which has persisted up to the 
present. The course of the infection was followed by a bacteriological 
examination of all animals that died in the population under observa- 
tion. 

During July and August, 1926, several strains of a second type of 
Salmonella were isolated from fatal cases. Subsequently there was a 
slow but general spread of the second organism. These natural 
occurrences, among the guinea pigs, afforded an opportunity for study- 
ing the course of a second infection in an animal population which had 
been exposed for a considerable period of time to a related but sero- 
logically distinct type of organism. 

A somewhat similar condition in a mouse population was described by Lynch 
(2). A spontaneous outbreak of paratyphoid infection, of 2 years duration, was 
followed by a second outbreak caused by a serologically different type of Sal- 
monella. The two types of organism were designated Mouse Typhoid I and 
11. Some IS months prior to the second putbreak half of the population was 
vaccinated with a strain of Mouse Typhoid I. The specific death rate for the 
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ensuing 7 months was low. There followed a period of fluctuation, with the 
death rate in general on a higher level, which terminated in a sharp rise. At 
this time the second type of organism was isolated. 

Later, Pritchett (3) encountered a reverse replacement during the course of an 
artificially induced mouse epidemic. This was started by placing normal indi- 
viduals hi contact with mice which had received per os injection of Mouse Typhoid 
II. After an interval of several months the original Mouse Typhoid II strain 
was almost entirely replaced by Mouse Typhoid I. The latter type was known 
to be mildly endemic in the breeding stock and was thought to have been intro- 
duced into the particular population by the chance addition of fecal carriers. 

The recovery of a second type of Salmonella from mice under similar circum- 
stances was reported by Topley (4) . An epidemic was started by feeding broth 
cultures of Bacillus Gacrlncr. Some of the mice which died during the early 
stage of the epidemic yielded pure cultures of a different Salmonella tj-pe. The 
organism showed a close serological relationship to Bacillus suipcstifcr (mutton). 
In a later stage of the epidemic both types were frequently isolated from the 
same animal. It should be added that the earlier type corresponded with Mouse 
and Guinea Pig Type 1, and the second organism with Type II. 

It may be pertinent to refer, in passing, to the relationship of the mouse and 
guinea pig types of organism and to their position within the Salmonella group. 
It was previously shown that Mouse Typhoid I and Guinea Pig Paratyphoid I 
of our epidemic were intimately related if not identical strains of the same Salmo- 
nella type (5). A similar relationship was established for Mouse Typhoid II 
and Guinea Pig Paratyphoid II. That the latter are an acriryckc form of Bacillus 
paratyphi likewise appears established (1). The relationship of the former, the 
initial strain, to a distinct Salmonella type is less definitely indicated. Amoss 
and Ilaselbauer (6) have related Mouse Typhoid 1 to Bacillus cutcritidis. For, 
of three Bacillus cnlerilidis strains, the first was agglutinated to the titer limit 
by a Mouse Typhoid I antiserum, the second to less than 50 per cent and the 
third not at all. Upon absorption the first strain reduced the agglutinin content 
50 per cent, the second 60 per cent and tire third anomalously 50 per cent. A 
similar relationship, on the basis of direct and reciprocal absorption tests with 
specific agglutinating serums, was indicated by Sakai (7). The absorption 
tests, however, revealed a considerable variation in the absorptive capacity of 
the strains employed. Nelson and Smith (5) reported only a remote relation- 
ship between the two rodent strains and two strains of Bacillus cutcritidis. A 
specific antiserum which agglutinated the former in a dilution of 1:51,200 agglu- 
tinated the latter in a dilution of 1 :800 and 1 :400 respectively. Absorption tests 
were not run. There appears to be nearly as wide a variation between different 
strains of Bacillus cutcritidis and between the same and the Type I rodent strains 
as there is between the latter and the Type 11 rodent strains. 

A general discussion of the rodent forms of the paratyphoid-enteritidis group 
is given by Jordan (S). He divided them into two main types, one related to 
Bacillus cutcritidis, the other to an acriryckc form of human Bacillus paralyphosus. 
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In the several papers of the present series the two organisms under 
discussion have been consistently desginated as Bacillus paratyphi 
of a given type, I or EE. This broad designation has been adopted as a 
matter of convenience pending more satisfactory evidence for the 
species relationship of the initial form. 

The course of the Type II infection is considered first with reference 
to its percentage mortality within the population at large and secondly 
with reference to its cage to cage spread among the breeding stock. 
The former is computed from the specific deaths occurring -within the 
total estimated population by months. The figures are only approxi- 

TABLE i. 


Population, Total Deaths, Deaths from Paratyphoid and Percentage Mortality 
from Paratyphoid, July, 1925, through June, 1926. 


Month 

Population 

Total deaths 

Deaths from 
. paratyphoid 

Mortality from 

1 paratyphoid 

July 

401 

51 

10 

percent 

2.49 

August 

460 

8 

5 

1.0S 

September 

438 

27 

16 

3.65 

October 

500 

7 

5 

1.00 

November 

540 

9 

3 

0.55 

December 

581 

15 

0 

0.00 

January 

470 

22 

1 

0.21 

February 

455 

31 

11 

2.41 

March 

493 

24 

1 

0.20 

April 

491 

17 

2 

0.40 

May 

502 

IS 

0 

0.00 

June 

47S 

33 

7 

1.46 


matrons inasmuch as the general population is not stable because of 
the removal of individuals for experimental purposes. Moreover, it is 
difficult to classify specific deaths as active cases or carriers which died 
from some other cause. This applies particularly to the unweaned 
guinea pigs among which gross lesions may not be apparent. Hence, 
the specific deaths undoubtedly include a few cases which should be 
classed as carriers. It is believed, however, that the percentage 
mortality indicates roughly the progress of the infection. The popu- 
lation by months, the total deaths, the specific deaths and the.per- 
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centage mortality for the period between July, 1925, and July, 1926, 
are given in Table I. 

The data pertaining to the combined infections for the year begin- 
ning with July, 1926, when the second type first appeared, are given 
in Table II. 

The percentage mortality for the two periods is presented in graphic 
form in Fig. 1. 

The percentage mortality for the Type I infection displayed a con- 
siderable monthly fluctuation during the 2 endemic years beginning 

TABLE II. 


Population , Total Deaths , Deaths from Paratyphoid and Percentage Mortality 
from Paratyphoid, July, 1926, through June, 1927. 


Month 

Population 

Total deaths 

Deaths from 
Paratyphoid 
Typel 

Mortality 
Type I 

Deaths from 
Paratyphoid 
Type IX 

Mortality 
Type II 

July 

571 

1 

14 

7 

Percent 

1.22 


per cent 

0.17 

August 

468 

48 

30 

6.41 


0.64 

September 

382 

32 

17 

4.45 


0.78 

October 

463 

11 

0 

0.00 


1.07 

November 

432 

13 

2 

0.46 


1.15 

December 

417 

64 

4 

0.95 


5.27 

January 

436 

40 

3 

0.68 


2.98 

February i 

424 

35 

1 

0.23 

! li 

2.59 

March { 

406 

49 

1 

0.24 

| 24 

5.91 

April 

454 

57 

5 

1.10 

18 

3.96 

May 

407 

42 

1 

0.24 

11 

2.70 

June 

449 

35 

0 

0.00 

5 

1.11 


July, 1925, and July, 1926, respectively. From the curve it may be 
seen that the highest rates, with a single exception, occurred during 
warm weather, namely: in July and September of 1925 and in Feb- 
ruary, June and Augusts of 1926. In general the infection showed a 
wave-like progress throughout the entire endemic stage. After the high 
rate of August, 1926, the percentage mortality declined and remained 
on a low level thereafter. The Type II infection appeared just prior 
to this peak rate of the initial type, in July, 1926. A relatively quies- 
cent period of 5 months duration followed. During this time there 
was' a slight but steady increase in the percentage mortality. The 
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period terminated in a sharp rise during December, 1926. There was 
a decline the 2 succeeding months with a second rise to a slightly 
higher level in March, 1927. Both of the peaks, it will be noticed, 
occurred during cold weather. The percentage mortality again de- 
clined and continued to fall through June at which time accurate 
observations were discontinued. 

The breeding stock was the only group within the population which 
was sufficiently stable for a study of the cage spread of the Type H 
infection. The breeders are segregated in cages containing either four 






July A Sept OzL 


Iter Aor 


Tig 1. Percentage mortality from Type 1 infection July, 1925, to June, 1927, 
and from Type II infection July, 1926, to June, 1927. 

or five sows and one boar. Since the appearance of the second form 
of paratyphoid the sows have been removed to individual isolation 
units shortly before parturition. The young are bom here and are 
left with their dams for a period of about 2 weeks when they are 
weaned. At this time the young arc transferred to the stock, for 
general laboratory use, and the sows are returned to their original 
breeding .cages. Until the suckling period is over the majority of 
young guinea pigs are subjected to direct contact only with their dams 
or within the litter. Occasionally a premature birth occurring in the 
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TABLE III. 


Spread oj Type II Infection in the Breeding Cages July, 1926, to June, 1927. 


1 . 

4. 

7. Dec. 26 C. 

10. Oct. 26 D. 

13. Aug. 26 C, 

. 16. 

2. Dec. 26 C. 
May 27 C. 

5. Dec. 26 D. 
Dec. 26 C. 
Mar. 27 C. 
Apr. 27 C. 

S. Dec. 26 D. 
Feb. 27 D. 
Mar. 27 C. 

11. 

14. Dec. 26D, 
Dec. 26 C. 
Mar. 27 C. 

. 17. 

3. Jan. 27 D. 

6. Jan. 27 C. 
Apr. 27 C. 

9. July 26 D. 
Dec. 26 C. 
Jan. 27 D. 

. Feb. 27 C. 
Mar. 27 C. 
Apr. 27D. 
Apr. 27 D. 
June 27 D. 

12. 

15. May 27 C. 

IS. Dec. 26 C. 

19. Oct. 26 D. 
Feb. 27 D. 
Mar. 27 C. 

25. Oct. 26 C. 
Apr. 27 D. 
Apr. 27 C. 

28. May 27 C. 
May 27 D. 

1 

32. Nov. 26 C. 

35. Mar. 27 C. 

39. Oct. 26 C. 
Nov. 26 C. 
Dec. 26 C. 
Apr. 27 D. 

20. Sept. 26 C. 
Jan. 27 D. 

26. Dec. 26 D. 
Mar. 27 C. 
Apr. 27 D. 

29. 

33. 

37. Feb. 27 C. 
Mar. 27 D. 

40. Aug. 26 C. 
Apr. 27 D. 


27. Oct. 26 D. 
Feb. 27 D. 
Mar. 27 D. 
May 27 C. 

31. Nov. 26 C. 
Dec. 26 C. 
Jan. 27 C. 
Apr. 27 C. 

34. Jan. 27 C. 

38. Feb. 27 C. 

41. May 27 C. 

42. Sept. 26 C. 

44. June 27 C. 

49. Dec. 26 C. 
Apr, 27 D. 

4S. Feb. 27 D. 

51. 

54. 

43. 

46. 

52. 

45. 

50. 

53. 



47. May 27 D. 





C., carrier; D., fatal case. 
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breeding cage brings them in contact with adult animals other than 
their dam. 

Fatal cases of paratyphoid among the unweaned guinea pigs may be 
attributed in most cases to transfer of the organism from the dam. 
The transfer may be direct during intra-uterine life or indirect 
through the ingestion of contaminated feces or milk. Frequently the 
sow presents a normal appearance. These cases have been common 
with both types of infection. Formerly the sows were killed and 
autopsied. Throughout the second infection, however, most of them 
have been returned to the breeding cages and kept under observation. 
All of them were designated carriers. In addition, fatal cases have 
occurred from time to time among the sows, either in the breeding 
cages or in the isolation units. A cage record of the so called carriers 
and fatal cases has been kept since the onset of the second infection. 
A presentation of the data is given in Table III. Each square repre- 
sents a cage in the order of its arrangement in the breeding room. The 
notations refer to individual sows. There are three sections of cages, 
as indicated. 

Within a year after the first death from the second infection either 
fatal cases or carriers were detected in 32 out of 48 cages. The inmates 
of the remaining cages may have escaped infection entirely. It is 
more probable, however, that the repeated fecal examination of in- 
dividuals would have revealed a small proportion of carriers. It is 
unlikely that there was any carriage of the infection from cage to cage 
except through the agency' of the handlers. 

The cages arc of metal with solid tops and bottoms and are placed in rows on 
iron pipe racks. The rows are separated from each other by a wide air space. 
The cage arrangement precludes any possibility of direct leakage. In some in- 
stances infection may have been introduced through the addition of young sows 
to replace older ones removed by death or because of old age. These sows are 
drawn from the general stock which always contains a small number of carriers. 
With the exception of Cage 9, however, replacements have not been added to 
those cages with a high incidence of infection. It may be said that the breeding 
stock is cared for by two handlers. The feeding and cleaning in cages from 1 
through 47 is always done by the same helper. Similarly, Cages 4S through 54 
and in addition the isolation units arc attended to by one man. 

The spread of infection from cage to cage and within individual 
cages was gradual. The irregularity which is apparent with the cage 
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spread may be associated with the nature of the particular group. 
The breeding stock is composed largely of sows which normally breed 
and bear young four times a year. During pregnancy it is to be ex- 
pected that the sow becomes more susceptible to bacterial invasion 
than during the postparturient periods. The ingestion of a normally 
tolerated dose of culture during the pregnant state might result in 
active disease. Or, in the absence of actual disease the lodgment of 
organisms in the uterus might result in a carrier state with subsequent 
infection of the young. Again, the ingestion of a sublethal dose of 
culture during a resting period with localization of the organism in the 
spleen, liver or intestinal tract might be followed by active disease 
during a subsequent pregnancy. It is suggested that the continual 
shifting of the sows together with periodic changes in the susceptibility 
of individuals were important factors in determining the cage spread 
of the organism. 

In this connection it may be noted that no boars succumbed through- 
out the course of the second infection. It is to be expected that the 
number of fatal cases would be less than among the sows since the 
latter outnumber them five to one. The chances of the boars acquiring 
infection in the breeding cages are, however, somewhat greater since 
they remain there continuously except for a short interval during the 
summer. The sows, on the other hand, are periodically removed to 
isolation units while the young are suckling. It may be that the more 
vigorous nature of the boar is accompanied by a more active native 
resistance. It is believed, rather, that the weakening effect of succes- 
sive pregnancies on the sow is accountable for the seeming difference 
in susceptibility. Among younger animals which have not been bred 
the incidence of fatal cases has shown no consistent difference. 

DISCUSSION. 

Two years after the initial outbreak of paratyphoid the second 
infection appeared in the population. Following a quiescent period 
of 5 months the mortality from the latter type increased abruptly, 
declined slightly and again increased with a second decline. Both of 
these waves occurred during cold weather, the first in December, the 
second in March. Throughout this period the mortality resulting 
from the initial type was consistently low. The course of the second 
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infection was somewhat different from that of the initial one. The 
onset of the latter was abrupt, while that of the former was gradual. 
The mortality was greater with the initial disease and there was a 
corresponding increase in the number of fatal cases among adult ani- 
mals. Apparently the population after long continued exposure to 
the first infection was better able to resist the second. 

It seems clear, however, that the factors instrumental in holding the 
Type I infection to a low level were not equally active in combating the 
second type. A number of possible factors were discussed in a pre- 
ceding paper (9). These will be reconsidered from the standpoint of 
their bearing on the spread of the second infection. It may be said 
that prior to the initial outbreak the guinea pig population had been 
free from specific disease, of epidemic proportions, for a period of 6 
years. It was suggested that during this period there was an accumu- 
lation of individuals of low resistance. The natural removal of these 
animals during the early part of the epidemic left a stock better able 
to resist invasion and among which the infection ultimately declined 
to a low level. It may be supposed that natural selection continued 
to operate throughout the endemic stage tending to maintain a stock 
of normal resistance. It might be argued, however, that the less 
severe environmental conditions imposed upon the population during 
this long period would favor the reappearance of animals of low resist- 
ance. The unequal course of the two infections is, in part, opposed 
to such a view. Moreover, the reappearance of a weak strain of guinea 
pig should tend to increase the number of Type I cases. Actually 
these declined. It is suggested that the difference in the onset of the 
two infections may be attributed to the more uniform nature of the 
population, as regards natural resistance, which obtained at the 
appearance of the second type. The latter enjoyed a long free period 
which was not observed with the former. 

With due regard to the significance of natural resistance and selec- 
tion in checking the initial infection and delaying the second it is appar- 
ent that some additional factor or factors must have been operative. 
Fluctuation in the killing power and the invasiveness of the parasite are 
naturally suggested. As previously noted the question of a possible 
alteration in these characters with the Type I organism was not 
satisfactorily answered from experimental evidence (9). It was 
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tentatively suggested, however, that the organism was gradually 
adjusted to the population on a lowered level of virulence. Likewise, 
the possibility of similar differences between the second type and the 
initial one after its long sojourn in the guinea pig population has not 
been settled. Intraperitoneal injection of graded amounts of the two 
types into guinea pigs and mice failed to demonstrate any consistent 
variation. The inaccuracies inherent in the method employed are 
regarded as too great to warrant any final statement concerning the 
comparative invasive power of the two types. 

Specific immunity was earlier considered as a factor in the decline of 
the initial infection. Its importance in the population at large was 
minimized but it was not denied that the resistance of certain groups 
might have been raised. It is certain that conditions were favorable 
for immunization within the breeding group during the endemic stage 
of the earlier infection. The Type I organism was widely disseminated 
throughout the cages of the unit and the ingestion of small doses of 
culture by individual sows must have commonly occurred. The 
postmortem examination of so called carriers, sows whose litters had 
shown one or more cases of paratyphoid, gave indirect evidence of an 
acquired immunity. In some instances healed or inactive lesions were 
found in the abdominal organs. The blood serum frequently agglu- 
tinated the homologous organism. It may be said, too, that a small 
number of sows examined shortly after the appearance of the second 
infection showed a much higher agglutinin titer against the initial 
organism than against the second type. There is a suggestion that 
natural immunization with the earlier form afforded a protection 
which was largely type-specific and accountable in part for the sub- 
sequent dominance of the second infection. 

SUMMARY. 

The course is considered of a second type of Salmonella infection 
naturally appearing in a guinea pig population during the endemic 
stage of an earlier outbreak. After a quiescent period of 5 months the 
percentage mortality increased abruptly; fluctuated, with a second 
rise during the 9th month ; and then declined. With the exception of a 
high rate during the 2nd month the percentage mortal ity from the 
initial infection tended to remain on a low level. 
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The spread of infection in the cages of the breeding stock is recorded 
from the time of the first fatal case. There was a slow but general 
dissemination of the second organism through the group. Fatal 
cases were confined solely to the sows. It is suggested that a lowered 
individual resistance occurring during pregnancy might be associated 
with the irregular cage spread and with the apparent difference in 
susceptibility of the sexes. 

Natural host resistance, virulence of the organism and acquired 
host resistance are discussed from the standpoint of their bearing on 
the unequal distribution of deaths from the two infections. 
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Dr. Sebastian Lorente, Director of the National Department of 
Public Health of Peru, during a visit to New York in 1926, expressed 
the wish that experimental studies of Carrion’s disease might be 
further extended and agreed to forward specimens of patients’ blood 
to The Rockefeller Institute for the purpose. Six samples of blood 
were received from Dr. Lorente on December 29, 1926, and six more 
on April 1, 1927. Comparative studies of the strains of Bartonella 
bacilliformis isolated from these specimens form the subject matter of 
the present report. I wish at the outset to express to Dr. Lorente 
my appreciation of the cooperation which made the work possible. 

Isolation of Bartonella bacilliformis from Specimens of Patients’ Blood. 

The blood was collected in sterile vacuum bulbs containing dry 
sodium citrate sufficient to prevent coagulation (0.1 gm. per 10 cc. of 
blood). The containers were hermetically sealed and shipped in the 
steamer's refrigerator from Lima to New York, the time required for 
transportation being about 14 days. Three of the first six samples 
were unsuitable for cultural study, having become contaminated with 
extraneous bacteria by leakage of the container during transportation. 
1 he second shipment (Cases 7 to 12) arrived in perfect condition. 
Bartonella bacilliformis was obtained in pure culture from all six 
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specimens of the second lot and from the three uncontaminated 
samples of the first lot, nine strains in all being isolated. 

The blood was inoculated into leptospira medium by the titration 
method, that is, several dilutions were made of each specimen (1 : 10, 
1:100, 1:1,000, 1:10,000, 1:100,000), and a tube of culture medium 
was inoculated for each dilution and one for the undiluted citrated 
blood, a total of six tubes of medium for each sample of blood. The 
amount of inoculum was 0.2 cc. 

Dark-field examination revealed no motile organisms. In stained 
smears forms resembling Bartonella were found, but they were not 
sufficiently numerous or characteristic to be identified with certainty. 

Case 1, F. A., 18 years old, resident of Canta, Department of Lima. Had 
been ill 3 months. Verruga suspected because of patient’s residence and his 
symptoms. Erythrocytes 2,900,000. Leucocytes 7,000; neutrophils 72 per cent, 
eosinophils 1 per cent, monocytes 7 per cent, lymphocytes 20 per cent; no baso- 
phils. Plasmodium falciparum was present in the blood. Temperature 3 7.8°C. 
at time blood was taken. 

Case 2, J. M., 45 years old, resident of Oroya, Department of Junin. Had 
been ill 2 months. Generalized miliary verrucous eruption as well as sub- 
cutaneous nodules. There had been fever of remittent type, but patient was 
afebrile at the time of taking blood. Erythrocytes 2,500,000. Leucocytes, 
13,600; neutrophils 65 per cent, eosinophils 2 per cent, basophils 1 per cent, 
monocytes 10 per cent, lymphocytes 22 per cent. 

Case 3, G. H., 20 years old, resident of Matucana, Department of Lima. Had 
been ill 15 days. Verrucous eruption of miliary type, scattered. Fever of 
remittent type still present, highest temperature 40°C. Erythrocytes 3,400,000. 
Leucocytes, 9,000; neutrophils 69 per cent, eosinophils 1 per cent, monocytes 
8 per cent, lymphocytes 22 per cent; no basophils. Barton’s bodies present, 
bacilliform type. Wassermann reaction positive. 

Case 4, L. W., 37 years old, resident of Oroya, Department of Lima. Had 
been ill 1 month. Verrucous eruption of subcutaneous miliary form, scattered, 
locah'zed chiefly in lower limbs. Patient had no fever at time blood was taken. 

Case 5, A. F., 31 years old, resident of Chosica, Department of Lima. Had 
been ill 4 months. Miliary eruption and subcutaneous nodules were present on 
both arms and on thorax. Fever of remittent type still present; highest tempera- 
ture 39.5°C., temperature at time blood was taken 37.8°C. Erythrocytes 
1,920,000. Leucocytes 4,600; neutrophils 40 per cent, eosinophils 3 per cent, 
basophils 1 per cent, monocytes 9 per cent, lymphocytes 47 per cent. Wasser- 
mann reaction positive. 

Case 6, F. T., 28 years old, resident of Matucana, Department of Lima. Had 
been ill 2 months. No eruption at time blood was taken, but for 1 month patient 
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had subcutaneous miliary lesions. Erythrocytes 2,460,000. Leucocytes, 6,400; 
neutrophils 73 per cent, eosinophils 2 per cent, monocytes 2 per cent, lympho- 
cytes 23 per cent; no basophils. 

Case 7, S. N., 22 years old, resident of Puruhuay (Chosica), Department of 
Lima. No fever. Generalized verrucuous eruption of miliary and nodular 
types. Erythrocytes 3,480,000. Leucocytes 4,400; neutrophils 72 per cent, 
eosinophils 1 per cent, basophils 1 per cent, monocytes 4 per cent, lymphocytes 
22 per cent. 

Case 8, J. A., 33 years old, resident of Canta, Department of Lima. Had been 
ill 6 months. No fever. Generalized miliary eruption. Erythrocytes 3,100.000. 
Leucocytes, 4,000; neutrophils 65 per cent, eosinophils 1 per cent, monocytes 8 
per cent, lymphocytes 26 per cent; no basophils. 

Case 9, J. M., 19 years old, resident of Chosica, Department of Lima. Had 
been ill 15 days. Continuous fever, 39°C. No eruption. (Malignant verruga?) 
Erythrocytes 1,250,000; normoblasts 4 per cent, eiythroblasts 2 per cent. 
Anisocytosis, anisochromia, polychromatophSia. Leucocytes 8,400; neutrophils 
73 per cent, eosinophils 2 per cent, monocytes 3 per cent, lymphocytes 22 per 
cent; no basophils. Barton’s bodies present, batilliform type predominating. 
Jolly bodies also present. 

Case 10, E. C., 39 years old, resident of Chosica, Department of Lima. Had 
been ill 1 month. No fever. Verrucous eruption, miliary and nodular, scattered. 
Erythrocytes, 5,080,000. Leucocytes 5,200; neutrophils 44 per cent, eosinophils 
7 per cent, basophils 1 per cent, monocytes 7 per cent, lymphocytes 41 per cent. 
Barton’s bodies of coccoid type present. 

Case 11, M. C., 27 years old, resident of Chosica, Department of Lima. Had 
been ill 12 days. No fever, and no eruption at time blood was taken. Erythro- 
cytes 1,080,000; normoblasts 9 per cent, erythroblasts 2 per cent, neutrophilic 
myelocytes 3 per cent. Megalocytes. Leucocytes 22,200; neutrophils 88 per 
cent, monocytes 3 per cent, lymphocytes 9 per cent. No eosinophils or basophils. 
Barton’s bodies, coccoid form, present. 

Case 12, M. L., 28 years old, resident of Matucana, Department of Lima. 
Had been ill 1 month. No fever. Eruption of miliary type, discrete. Erythro- 
cytes 4,800,000. Leucocytes 4,900; neutrophils 54 per cent, eosinophils 5 per 
cent, monocytes 10 per cent, lymphocytes 31 per cent; no basophils. Barton’s 
bodies present, coccoid form predominating. 

Comparative Studies of the Strains Isolated. 

Appearance of Growth (30 c C.). 

On leptospira medium there is a light grayish, usually homogeneous, but 
sometimes finely granular, translucent layer of growth at the top of the col umn 
of medium. Single isolated colonics form denser central masses and are sur- 
rounded by a hazy rone of outgrowth from the periphery. All the strains pro- 
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sented a similar appearance except Nos. 9 and 12, which grew faster and more 
densely than the others. Horse blood agar plates or slants yield minute grayish, 
raised, shiny, firm miliary colonies which appear transparent but are grayish 
when covered with a layer of saline solution. They adhere to the medium and 
are difficult to scrape from the surface. Strains 9 and 12 form somewhat larger 
colonies, which reach a diameter of 2 mm. within 4 or 5 days. 

Motility ( Dark-Field Obseroations). 

Cultures on Ieptospira medium or horse blood agar slants or plates contain 
very actively motile forms for the first 4 to 6 days, especially in the condensation 
water of the blood slants, but the organisms invariably become motionless sooner 
or later. The flagella apparently become abnormally large under the unfavorable 
conditions existing in a semisolid medium and are thrown off; for detached 
flagella, so large as to be visible by dark-field examination, appear in cultures 
about a week old (Figs. 32 and 33). 

I have been unable to detect any differences in movement among the strains 
studied; they all exhibit rotation and progression, singly or in groups of two or 
three, or in masses. Occasionally there is no motility at all even in young cul- 
tures, owing undoubtedly to unfavorable conditions of cultivation. 

Staining Properties and Dimensions. 

All the strains are frankly Gram-negative and take basic fuchsin rather poorly. 
Giemsa’s solution gives satisfactory results and brings out the fairly sharp con- 
tours of the organisms in cultures which have been grown 4 to 6 days on the 
surface of blood agar slants or plates. This definition of the form is quickly 
lost as the cultures grow older. Organisms grown on Ieptospira medium or in 
the condensation water of a blood agar slant stain only poorly, and it is often 
impossible to recognize individuals; nevertheless they thrive well and remain 
viable under these conditions much longer than on the surface of slants or plates. 
There is a tendency for most of the strains to take up the stain more intensely in 
the interior portion of the body than on the outer layer. Often the ebromato- 
philic material is seen to be heaped up toward either end, giving the appearance 
of a diploid coccobacillus. Sometimes the accumulation is in nodular masses 
at irregular intervals throughout the entire length, the effect simulating a chain 
of ill stained cocci, while in shorter forms there may be only a single deeply stained 
dot. The organisms often assume a kind of triangular or elongated wedge shape. 

In fresh preparations of young, actively motile cultures, the organisms .all 
appear to be of the same size and shape, but certain variations in size and for m 
are recognizable in stained smears (Plates 7 and S). Special care has been 
taken to exclude various external factors which might influence the comparison. 
For example, cultures have been grown on the same medium (horse blood agar 
plates prepared on the same day with the same material) for 6 days at 30 C. 
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under identical conditions, and film preparations have been made in the same 
way (the culture put into a drop of distilled water, the mixture spread on the 
slide, and dried in the air for a given period), fixed in methyl alcohol for 5 minutes, 
and then stained with Giemsa’s solution in the same jar for 30 minutes. Another 
set of slides has been treated by Gram’s method and counteistained with dilute 
carbol fuchsin, washed, blotted, and dried in the air. The measurements given 
in Table VI, therefore, should be fairly reliable. Strain 7 (Figs. 5 and 6) is 
distinctly coarser and Strain 11 (Figs. 13 and 14) decidedly finer than the rest. 
There is, however, a gradual transition, some approaching the coarser type 
and others the finer, hence striking differences are brought out only by com- 
paring the two extremes. Some strains are short, others more rod-shaped. 

Flagella {Zellnow-F oniana Combination Stain). 

Determination of the type of flagella in newly isolated pathogenic micro- 
organisms is not of morphological interest merely; it may prove to be of 
immunological importance. Orcutt 1 has demonstrated that the serological speci- 
ficity of certain organisms resides in the flagella, and Bauer recently found 
in this laboratory that serological types of tetanus bacilli possess dissimilar flag- 
ella; for example, Type III, having a single unipolar heavy spiral flagellum, and 
Type IV, having peritrichal, rather coarse regularly wavy flagella, of moderate 
length, are quite distinct from the other types. All strains of Bartonella bacilli - 
Jormis were therefore stained for flagella by a modified procedure, in which 
Zcttnow's mordant is followed by reduction with Fontana’s ammoniac silver 
nitrate. The cultures used were those utilized for the measurements of size, that 
is, the surface growth on horse blood agar plates after 6 days at 30 C C. 

Certain strains proved to have comparatively shorter, smoother, and more 
delicate flagella than others (Plate 9). Strains 3, 9, 10, 11, and 12 (Figs. 22, 
26 to 29) arc of this type, while Strains 2, 7, 8 (Figs. 21, 24, and 25), and the two 
old strains, S.A. S and P.5 1 (Fig. 30) has’e distinctly more wavy or spiral and 
coarse appendages. The number of flagella seems to vary among different 
strains, some showing a single flagellum, others as many as four. In all in- 
stances, however, the flagella are unipolar. Short flagella scarcely exceed 3/i, 
long ones may measure 10/i or more. 

Pathogenicity. 

Macacus rhesus monkeys were used to determine the virulence of 
the original samples of blood, as well as of the newly isolated cultures, 

’ Orcutt, M. L., J. Exp. Med., 1924, xl, 43, 627/ 

: Bauer, J. IL, not vet published. 

5 Noguchi, IL, and Baltistini, T. S., J. Exp. Med., 1926 ,'xliii, 851 
Noguchi, IL, J. Exp. Med., 1927, xlv, 175. 
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the tests being made by three different methods. (1) The effects of 
local inoculation of the original samples of blood were simultaneously 
compared by intradermal inoculation of each specimen into separate 
sites on the abdominal skin of the same monkey (the experiment was 
done in duplicate) , previous experience having shown 5 that an experi- 
meiltal local lesion in Macaws rhesus remains confined to the site of 
inoculation, and that several intradermal inoculations with different 
materials may be made simultaneously on the same animal. (2) The 
effect of local inoculation of each of the cultures isolated from the blood 


TABLE i. 

Tests of Injectivity of Blood, Cases 1 to 6. Multiple Intradermal Inoculations, 

Dec. 29, 1926. 


Case No. 

rhesus 1A 

if. rhesus 2A 

.1 

2 

- 

- 

3 

4 

5 

6 

- 

- 

Blood cultures, Jan. 6, 1927. 


- 

- 

Blood cultures, Jan. 24, 1927. 


+ (1:100) 

+ (1:100) 


was compared in the same animal with that of the inoculation of 
passage strains of known virulence. (3) Each strain was individually 
tested on a monkey by both intradermal and intravenous inoculation. 

The first two types of test have an advantage over the third in that 
the variations in the susceptibility of individual monkeys is not in- 
volved. The third method is the more usual one, but in testing a 
large number of strains it is necessary to economize in monkeys, hence 
the factor of individual variation may enter into consideration. The 
results in this series of animals, however, were determined not only 
by local reactions but also by blood cultures at appropriate intervals. 

6 Noguchi, H., J. Exp. Med., 1927, xlv, 455. 
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For virulence tests, cultures grown for 8 days on leptospira medium 
at 30°C. and those grown for 4 to 6 days on horse blood agar slants 
and plates at the same temperature were pooled, the mixture com- 
prising first, second, and third generation cultures of a given strain. 
The original samples of blood were tested again simultaneously with 
the cultures, a procedure which yeilded interesting results, inasmuch as 
the blood, in contrast to the cultures, produced no cutaneous lesions. 
The results of the various tests are outlined in the tables. 

Table I s umma rizes the results of the direct pathogenicity tests 
of the blood of Cases 1 to 6 inclusive. No local lesions were induced, 


table n. 

Parallel Injectivity Tests of Blood, of Cases 2, 3, and 5, and oj Cultures Obtained 
from the Blood. Multiple Inlradermal Inoculations, Feb. 7, 1927. 


Case No, 

| if. rhesus 3\ 

■ 






I 

(Blood 


K 

[Culture 

++++ 


[Blood 

IS 

^Culture 

4-4-4-+ 




though invasion of the blood by Bartonella bacilliformis occurred, as 
shown by the results of blood culture in both animals 26 days after 
inoculation. The cultures from Cases 1, 4, and 6 were contaminated, 
those from Cases 2, 3, and 5 yielded marked local lesions (Table II; 
Fig. 31). Similar results were obtained with the specimens from 
Cases 7 to 12, the original blood being non-virulent for the skin of the 
monkey, while the cultures in three instances (Cases 9, 10, 11) gave 
rise to typical verruga lesions. Parallel tests of the blood and the 
cultures in Cases t to 12 are recorded m Tables III and IV. Strains 
7 to 12 were tested separately on different monkeys (Table V) with 
results which agree with those of the multiple tests. 

The experiments show that of nine strains tested, six possessed 
definite specific pathogenicity for Macacus rhesus; the other three 
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were non -pathogenic, as shown by three separate tests. The three 
non-virulent strains (7, 8, and 12) came from cases of benign miliary 
or nodular verruga, in two of which the microscopic examination of 
the blood had been negative for Bartonella; in Case 12 Bartonella was 
present in the blood, though the red count was practically normal. 
The six virulent strains, with the exception of Strain 10, came from 
patients whose blood showed either microscopically detectable num- 

TABLE III. 

Parallel Injectivity Tests of Blood of Cases 7 to 12 and of Cultures Obtained from 
the Blood. Multiple Intradermal Inoculations, May 3, 1927. 

Case No. M. rhesus 4 A M. rhesus 5 A 

7 f Blood — — 

[Culture — — 

/Blood 

/Culture — — 

„ [Blood — — 


[Culture -) — |--f- -J — (-+ 

10 ( Bl00d 

[Culture +++ +++ 

. /Blood — — 

[Culture ++++ ++++ 

/Blood — — 

[Culture — — 

Control (P. 5 strain, from verruga nodule) ++++ +++ + 


bers of Bartonella bacilliformis or marked anemia, or both. In three 
of these cases there were no skin lesions, and the red counts were very 
low (1,080,000 to 1,250,000). These represent the pure septicemic 
form of Carrion ’s disease, without cutaneous involvement. 

The fact that the virulent strains came from the severe types of 
Carrion’s disease, and the non-virulent ones from benign verruga 
seems to indicate that the highly fatal disease is caused by strains 
possessing a greater virulence. The first strain of Bartonella bacilli- 
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formis isolated,^ which. was obtained from the blood of a fatal case of 
Carrion’s disease, was found to produce in monkeys of average suscep- 
tibility the clinical picture of a human case of verruga, but in unusually 
susceptible animals, which are rather rare, it induced a fatal infection 
similar to that of human Oroya fever. The strains from the severe 

table rv. 


Parallel Injectivity Tests of the Original Blood, of Cultures on Leptospira Medium, 
and of Blood Broth Mixtures, Cases 7 to 12. Multiple Intradermal Inocula- 
tions, May 18, 1927. 




Ifcwuz rhavi 6 A 


Ca*e No. 

Original blood 


Cal tarts 



Leptospira, median 

Blood broth 

■ 



30' 

37* 

8 

— 

— 

— 

— 

9 



— 

— 

10 


-f~r 

— 

— 

11 

— 


— | 

— 

12 

— 

-i- 

- 

- 


TABLE V. 


Individual Tests of Strains 7 to 12. Intradermal and Intravenous (2 cc.) 
Inoculations, July 1, 1927. 


Strain No. 

Montey No. 

Stia lesions 

Blood cultures 

7 

7A 

— 

- (Aug. 8, 1927) 

8 

8A 

— 

— 

9 

9A 

-f 

+ (1:10) 

10 

10A 


+ (1:100,000) 

11 

11A 




12 

12A 

- 

- 


cases of the present series have not so far, in the small number of 
monkeys inoculated, reproduced the fatal Oroya fever, but they have 
invariably induced cutaneous lesions similar to those occurring in 
benign human cases, while the strains isolated from the blood of 
benign verruga have not proven sufficiently virulent to set up any 
infection in the same monkeys. 
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As has previously been suggested, the variety of types of human 
Bartonella infection may be accounted for by variations in the sus- 
ceptibility of different individuals or different tissues of the same 
individual, or by variations in the virulence of the microorganism, or 
by both. The present experiments appear to emphasize more particu- 
larly the factor of variation in virulence of the parasite. According 
to clinical observations, the skin lesions more usually follow the acute 
febrile anemic stage (Jicbre grave dc Carrion, or Oroya fever); the 
lesions in these instances are evidently caused by a strain virulent 
enough to have invaded the blood. Yet there are cases in which the 
infection is chiefly confined to the cutaneous tissues, the anemia being 
very mild, and strains isolated from such cases would presumably 
be less virulent, as was found to be true in the present experiments. 
In instances in which the severe bartonellemia supervenes in the course 
of an apparently benign verruga, we may conclude that the strain 
belonged to the virulent type, but that the individual was of the 
resistant type, and that the defenses of the resistant organism were 
finally overcome by continued constitutional disturbances, due per- 
haps to the presence of the parasite in question, perhaps to some other 
cause. Phenomena of this sort are not uncommon in infections with 
other organisms which may give rise to septicemia following local 
infection (streptococcus, staphylococcus, the tubercle bacillus). 

Serologic Studies. 

Suspensions of Bartonella bacillijormis which would be suitable for 
agglutination tests are difficult to obtain, owing to the fact that the 
masses of organisms are well nigh impossible to disperse. Comple- 
ment fixation tests proved easier to interpret. 

Two samples of immune sera, obtained by inoculating rabbits intra- 
venously on several occasions at appropriate intervals with live cul- 
tures of Strain S. A. 3 were employed against a non-fixing dose of saline 
suspensions of plate cultures (horse blood agar) of each strain of 
Bartonella- bacillijormis. The suspensions were heated at 60°C. to 
kill the microorganisms and the immune sera inactivated at 56°C. 

All the strains gave complete fixation with the antiserum with the 
exception of Strain 12, which gave partial fixation (30 per cent). The 
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results indicate that on the whole the strains belong to the same sero- 
logic group. 

DISCUSSION. 

Carrion’s disease offered a singularly complex problem, because of 
its two clinicall y dissimilar aspects, the grave fever of Carrion (Oroya 
fever), and benign verruga. The presence of the endoglobular bodies 
discovered by Barton 6 practically settled the etiology of the severe 
cases, but the relation of Barton’s bodies to the cutaneous lesions of 
verruga remained obscure, since it had not been proven that the same 
bodies were present in the blood or skin lesions of patients with the 
mild cutaneous disease. Moreover, while the cutaneous tissues 
affected were definitely infective, inducing similar skin lesions in mon- 
keys, the parasites present in such large numbers in the blood of 
patients with malignant anemia, with or without skin lesions, ap- 
peared to be non-infective for monkeys, inducing neither skin lesions 
nor systemic infection so far as could be determined. It has recently 
been shown, however, that the apparently negative findings were not 
due to the absence of Bartonella bacilliformis, but to the fact that, 
except in severe systemic infection, the parasite cannot be detected by 
microscopic examination, its presence being revealed only by a suitable 
culture method . 7 The unsolved portion of the problem of the etiology 
of Carrion’s disease has been cleared up by the cultural procedure, 
which permits the ready isolation of Bartonella bacilliformis and its 
detection even when it is present in extremely small numbers. 

The importance of the selection of the culture method cannot be over- 
emphasized, since on the special features of the mediumused depended 
the success of the entire investigation. Had blood agar been used for 
the isolation experiments — and it is by far the best of the many other 
media tried many strains would undoubtedly have been missed, 
some because growth of the microorganism is not uniformly successful 
on this medium, some because of loss of virulence due to the frequent 
subculluring required with blood agar cultures. Once the parasite 
had been obtained in culture on the semisolid leptospira medium, and 
its special properties studied, it became possible to discover the causes 

6 barton, A. 1... Crir.. mcJ., Lima, 1909, xxvi, 7. 

7 Noguchi, H.. J. Hip. Mel., 1926, xliv, 697. 
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for the apparently conflicting clinical and experimental evidence. 
Moreover, by special histological technique 8 it was shown that Bar- 
tonella bacilliformis is microscopically detectable in large numbers in 
human and experimental lesions, where it had previously escaped 
detection. 

The reason for the difference in pathogenicity between the en- 
doglobular parasites, which are present in such large numbers in 
verruga maligna, and those existing in the skin lesions of verruga 
benigna has not been brought to light. The fact that in the first 
mentioned condition the microorganism is incapable of inducing in 
monkeys anything more than a slight transitory blood invasion, 
detectable only by blood culture, explains the negative results ob- 
tained by the Harvard Commission 9 with blood from severe Oroya 
fever, results which seemed unmistakably to indicate a totally different 
etiology for Oroya fever and verruga peruana. 

SUMMARY. 

Through the cooperation of Dr. Sebastian Lorente, Director of the 
National Department of Public Health of Peru, nine strains of Bar- 
tonella baciiliformis have been isolated, by means of the semisolid 
leptospira medium, from nine of twelve specimens of blood withdrawn 
from cases of verruga and forwarded from Peru under conditions of 
refrigeration. The cultural titer of the blood specimens immediately 
after their arrival (2 weeks after withdrawal) varied from 1:10 to 
1 : 100,000. Blood from the severe anemic type of the disease, in which 
there was no eruption, had the highest titer. Blood agar slants yielded 
irregular results, but some strains grew well on these media. 

8 The technique is that used by Nicholson (/. Exp. Med., 1923, xxxvii, 221) 
for the detection of Rickettsia in tissues. Fixation in Regaud’s fluid (Arch. 
Amt. Micr., 1910, xi, 296), which consists of 4 parts of 3 per cent potassium 
bichromate and 1 part of commercial formalin, is followed by staining with 
Giemsa’s solution, according to the method recommended by Wolbach (/. Med. 
Research, 1919-20, xli, 1). 1.25 cc. of Giemsa’s solution (Griibler’s, for bacteria) 
is diluted with 1.5 cc. of methyl alcohol and 50 cc. of distilled water to which 
has been added 3 drops of 1 per cent sodium bicarbonate. 

9 Strong, R. P., Tyzzer, E. E., Sellards, A. W., Brues, C. T., and Gastiaburu, 
J. C., Report of first expedition to South .America, 1913, Harvard School of 
Tropical Medicine, Cambridge, 1915. 
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Morphologically the strains differed very little in fresh preparations 
examined by dark-ground illumination . In stained preparations some 
strains appeared coarser, others finer than the average. Special stain- 
ing indicated that the flagella were characteristically unipolar and 
varied in number from one to four, some strains showing distinctly 
more wavy and heavier flagella than others. Young cultures grown 
on the surface of horse blood agar for 3 to 6 days show individuals with 
fairly sharp contours, short rods, often varying in thickness toward 
one or both ends, being intermingled with smaller oval or coccoid 
elements. Some strains show a predominance of bacillar}", some of 
coccobacillary forms. It is not known whether these features are 
inherent or are due to conditions of growth, which, though identical, 
may react differently upon different strains. Definiteness in outline 
disappears with the age of the culture. i 

More striking variations are found in the virulence of the different 
strains for the monkey ( Macacus rhesus ) . Three of the nine strains 
isolated proved to be non-pathogenic for the monkeys. All three of 
these were derived from cases of benign verruga. The remaining six 
strains all gave rise to local lesions when intradermally inoculated and 
were recovered in culture from the blood of the animals. So far, 
severe anemia has not developed in any of the monkeys. 

It is significant that most of the severe cases yielded virulent strains, 
while some of the strains from benign verruga were non-pathogenic. 
It appears highly probable that the severe form of Carrion’s disease 
is, in general, caused by a virulent strain, while the benign forms are 
due to a strain of low virulence. On the other hand, a virulent strain 
may cause benign verruga in unusually resistant persons and a weak 
strain may give rise to severe blood infection in unduly susceptible 
individuals. The form of Carrion ’s disease is probably determined 
primarily by the inherent virulence of the strain of Bartonella bacilli- 
fonnis and is modified secondarily by individual predisposition in a 
given case. 

An interesting phenomenon brought out by the present investigation 
was the failure of the nine human blood specimens to induce local 
%crruga in the same monkeys in which the corresponding cultures, 
inoculated simultaneously at separate sites, gave rise to typical lesions. 
\ et the original blood samples were shown by cultivation to have 
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contained live bartonellas at the time they were inoculated, and blood 
culture revealed the presence of the microorganisms in the blood of 
monkeys which showed no other signs of infection after inoculation 
with the human blood. Whether this striking difference is merely a 
quantitative one or is due to some factor still unknown — such as, for 
example, a biological phase of the microorganism — has not been 
determined. The uniformly negative results of transmission experi- 
ments with blood by previous investigators is explained by an actual 
inability of the blood to induce skin lesions and the lack, until now, 
of a reliable method of detecting Bartonella bacilli] or mis in the mon- 
keys’ blood. 

The strains isolated showed similar serologic properties, as tested 
by complement fixation. 
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PLATE 7. 


Comparison of different strains of Bartonella bacilliformis. X 1000. 
Giemsa’s stain. Gram’s stain, counterstained. 
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Comparison of different strains of Bartonella bacillijormis. X 1000. 


PLATE 8. 


Giemsa’s stain. 
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Gram’s stain, counterstained. 
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THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLVII. PLATE.9. 

Comparison of different strains of Bartonella barilliformis. X 2000. 
Zettnow-Fontana stain. 
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PLATE 10. 



Lesions produced by cultures of (a) Strain 2, (/;) Strain 3, (r) Strain 5, and ( d) Strain 
I’ 5. 30 days after inoculation. M. rhesus 3A. Natural size. 
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ETIOLOGY OF OROYA FEVER. 


XI. Comparison of Bartonella Bactlliformis and Bartonella 
mttris. Cultivation of Bacterium murium, FT. Sp. 

By HIDEYO NOGUCHI, M.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research.) 

Plates 11 and 12. 

(Received for publication, November 14, 1927.) 

Mayer, 1 in 1921, discovered, in the red blood cells of a rat -which -was 
suffering from severe anemia as a result of trypanosomiasis and 
chemotherapy, peculiar inclusion bodies, resembling Bartonella bacilli - 
formic of Oroya fever, -which he designated Bartonella mttris. Sub- 
sequently Lauda 2 reported that splenectomy of white rats brought 
about a severe anemia which could be transferred to normal rats by 
inoculating them with the blood or a suspension of liver tissue of the 
splcnectomized animals. The name "infectious anemia of the rat” 
was introduced to describe the condition. Mayer and his collaborators 1 
suspected that the anemia resulting from extirpation of the spleen 
might be due to Bartonella mttris and succeeded in demonstrating the 
inclusion bodies in splcnectomized rats. Their assumption was that 
Bartonella minis is present in most rats, and that the invasion of the 
blood is made possible by the removal of a defense organ, the spleen. 

Because of the close analogy between Bartonella minis and Bar- 
tonella bacilliformis — their morphological similarity, their localization 
in the erythrocytes, and their association with a severe form of anemia, 
a comparative study has been made of these two bartonellas, the 
specific subjects of inquiry* being: (1) the percentage incidence of 
appearance of Bartonella mttris in the blood of splencctomized rats 
and mice, (2) the result of splenectomy in animals other than rats 

1 Mayer, M., Arch. Sekifs- u. Tropcnkyg., 1921, nv, 150. 

: Lauda, E., Arch. gri. Physio!., 1925, cdviii, 529. 

* Mayer, M., Borchardt, \V., and Kikuth, W., Klin. Week., 1926, v, 559. 
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and inice, (3) the transmissibilily of Bartonella muris to normal rats, 
(4) the transmissibility of Bartonella imtris to other animals, especially 
splenectomized animals, (5) the susceptibility to Bartonella bacilli- 
forrnis of rats and other animals after splenectomy, (6) the compara- 
tive morphological features of Bartonella marls, Bartonella bacilli jormis, 
and Grahamclla talpx, the latter an intracorpuscular parasite of moles 
described by Graham-Smith, 4 Thomson, 5 6 7 and Brumpt, 0 and (7) the 
cultivation of Bartonella muris. 

Splenectomy was performed on fifty white rats, three wild rats, 
three Chinese hamsters ( Cried ulus griscus),' and nine white mice. 
Bartonella muris appeared after splenectomy in the blood of all, in 
some numerously, in others sparsely. Splenectomy always gives 
rise to an increase in the number of blood platelets, some of which 
showed very much more distinct chromatin rods and granules than 
the platelets of normal animals. These loosely packed or partially 
liberated thrombocyte bodies are sometimes very easily confused with 
Bartonella muris, especially when lying over or under the erythrocytes. 

Splenectomy was carried out also in eight Macacus rhesus, two Java 
monkeys, four rabbits, and four guinea pigs. No intracorpuscular 
elements resembling Bartonella muris or Bartonella bacilliformis ap- 
peared in the blood of any of these animals, nor did the animals show 
any anemia comparable to that observed in the splenectomized rats 
or mice. 


Transmissibility of Bartonella muris. 

Repeated attempts have been made to reproduce the anemic condi- 
tion and cause tire appearance of Bartonella muris in the blood of 
normal rats and mice by injection of blood or suspensions of liver 
tissue (Lauda’s method) from splenectomized animals, intravenously, 
intraperitoneally, intradermally, or intratesticularly. Such experi- 

4 Graham-Smith, G. S., J. Hyg., 1905, v, 453. 

6 Thomson, J. D., J. Hyg., 1906, vi, 574. 

6 Brumpt, E., Bull. Soc. Path. Exot., 1911, iv, 514. 

7 1 am indebted for these animals (which were obtained primarily for other 
experiments) to Dr. Carl TeriBrdeck, who procured them for me in Peking, and 
to Dr. Amos Wong, who was so kind as to bring them to the United States in 
his personal care. 
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merits have always been negative in this respect. Nor has it been 
possible to transmit the condition to splenectomized monkeys, rabbits, 
or guinea pigs. 

In some instances, however, a quite different condition was induced. 

In Rats 54 and 55, inoculated intratesticularly with a suspension of the liver 
of Rat 40, which had shown a marked blood invasion by Bartonella muris, the 
testicles became acutely inflamed. Rat 54 was castrated on the 6th day of 
disease. The condition persisted in Rat 55 for 10 days, but by the 14th day the 
testicle had healed. Bartonella muris was not found in the blood of either of 
these animals. Histological study of the excised testicle of Rat 54 showed acute 
infiltration of polymorphonuclear leucocytes into the acini, together with edema, 
congestion, and focal necrosis. Rather coarse bacilli were present in the lesion, 
some having been taken up by the leucocytes. From the testicular tissue was 
obtained a pure culture of a microorganism to be described later (Strain 54). 

Two normal rats, 56 and 57, inoculated intraperitoneally and intratesticularly 
with the suspension of testicular tissue of Rat 54, became very ill within 48 hours, 
and in the blood of Rat 56, taken on the 3rd and 4th days, were found a few 
intracorpuscular bodies suggestive of Bartonella muris. The animal died before 
the 5th day. Rat 57 showed similar elements in the erythrocytes on the 3rd 
day but none thereafter. It died of diarrhea in 10 days. There was only slight 
induration of the testicles in these two animals. 

A similar result was obtained in one of three normal rats inoculated with 
ritrated blood of splenectomized Rat 41 (B. viuris ++). In this case (Rat 66) 
a bilateral intratesticular inoculation had been made. The inflammation of the 
testicles reached its maximum on the 5th day and receded during the 3 follow- 
ing days. The same microorganism as had been isolated from Rat 54 was ob- 
tained from the aspirated fluid (Strain 66). In the other two animals (Rats 64 
and 65), in which the inoculation was unilateral, there was no induration. Ex- 
amination of blood films of these three animals failed to reveal the presence of 
B. muris. Three other normal animals inoculated intratesticularly and intra- 
pcritoncally with a suspension of the liver of Rat 41 showed neither testicular 
induration nor invasion of the blood by B. muris. 

I here is apparently present in the blood or liver of some splenec- 
tomized rats a microorganism capable of setting up acute orchitis in 
normal rats. The transient appearance of intracorpuscular bodies in 
the two rats inoculated with the testicular tissue of Rat 54 was far 
from convincing evidence of transmission of B. muris. The failure 
of most of the attempts to transmit the organism shows at least that 
regular transmission is not readily accomplished in American rats. 
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Mayer, 8 in Hamburg, encountered a similar difficulty. It would, 
indeed, seem unusual that a microorganism which is unable to invade 
the blood until the spleen is removed should acquire the power to 
infect the blood of a normal animal by transfer from the splenecto- 
mized one. 

It has been found that the intraperitoneal deposition of a small 
fragment of normal rat or mouse spleen, or the intraperitoneal injec- 
tion of a saline suspension of the tissue, into splenectomized rats or 
mice will cause the rapid disappearance of Bartonella muris from the 
blood. Hence B. vniris is extremely sensitive to splenic substances, 
even when the spleen itself is not present. 

Susceptibility to Bartonella bacilliformis of Splenectomized Animals. 

Experiments to be reported elsewhere have shown that the spleen 
has no important defensive function against the invasion of Bartonella 
bacilliformis. While the blood culture titers of splenectomized mon- 
keys infected with Bartonella ■ bacilliformis were usually higher than 
those of control animals of the same series, yet variations in blood titer 
are so common in monkeys infected with this microorganism that they 
cannot be taken as significant in this instance. Rabbits, guinea pigs, 
and rats were not any less resistant to infection with Bartonella bacilli- 
formis after splenectomy than are these animals normally. 9 

Comparative Morphology of B. vniris, B. bacilliformis, and Grahamclla 
talpx in the Blood ( Plate 11). 

Comparison of blood films stained with Giemsa’s solution shows 
B. muris (Fig. 2) to be smaller than B. bacilliformis (Fig. 1). 
There is also less variation in form in B. muris, which usually appears 
as short rods or coccoid forms whose size varies within a very small 
range. B. bacilliformis, on the other hand, though often having an 
oval or coccoid form similar to that of B. muris, frequently occurs in 
long, slender rods, and Y or V forms are very common (Fig. 1). 
The long slender forms usually have square ends, as though the or- 

8 Mayer, M., Borchardt, W., and Kikuth, W., Arch. Schijfs- a. Tropenhyg., 
1927, xxxi, 295. 

9 Noguchi, H., J. Exp. Med., 1927, xliii, 851. 
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ganism had been cut transversely. Shorter rods may be bent at a 
sharp angle at one or two places, showing that they are composed of 
two or three individuals. These branching forms are not found in 
preparations of B. viuris, which resembles Grahamella talpx more than 
it does B. bacilliformis, though differing from Grahamellam its manner 
of distribution. I am indebted to Dr. A. C. Coles, of Bournemouth, 
England, for Giemsa-stained preparations of the blood of two English 
moles showing Grahamella infection (Fig. 3). The grahamellas are 
often found in such numbers in a single cell as to fill the stroma com- 
pletely; B. viuris is usually scattered among many cells, and many 
individuals are found outside the cells. The preparations show two 
types of Grahamella, one distinctly and uniformly thick, as compared 
with B. muris, and suggesting a bacterium, the other more delicate 
and showing beaded formations. Ffo branched forms or long threads 
have been seen in the films of Grahamella. 

B. muris, B. bacillijormis, and G. talpx have similar staining reac- 
tions with Giemsa’s solution, but basic fuchsin, while giving sharp 
definition of B. bacilliformis , fails to stain B. muris. 

B. muris of the rat is indistinguishable from the similar elements 
which appear in the blood of wild rats or Chinese hamsters after 
splenectomy. The forms found in the corpuscles of splenectomized 
mice are more granular and show beaded formations. 

Cultivation of B. muris. 

The ctiologic role of B. muris in the anemia of splenectomized rats 
is difficult to establish because of the fact that no animal has so far 
been found which is susceptible to the organism under natural condi- 
tions, i.c., when the spleen is present. Once the spleen is removed, 
B. muris appears in the blood, hence splenectomized animals cannot 
be used for demonstration of the pathogenic effects of a microorganism 
which has been isolated. 

In the course of repeated attempts at cultivation, I have isolated 
two different organisms, both of which resemble B. muris in morphol- 
ogy. The first (Strain 2S A, Figs. 7 and 8) came from the blood of a 
splenectomized rat and grew on leptospira medium as a grayish layer 
at the surface. It did not grow on ordinary culture media. It was 
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subsequently found tliat this organism had the features of a minute 
diphtheroid. It had no pathogenicity whatever for normal rats. 

From the blood of the same animal (Rat 28) another minute, ap- 
parently non-motile, Gram-negative bacterium was isolated on a 
blood agar plate (Strain 28 B, Figs. 4 to 6). This organism grows on 
blood agar in very minute colonies but not on leptospira medium or 
on ordinary culture media. On a blood agar slant it grows more 
readily, find after 3 or 4 days at 30° or 37°C. the dew-like discrete 
surface colonies gradually spread to a diameter of 3 mm. or more and, 
when the surface is densely seeded, coalesce to a shiny, faintly bluish 
gray, moist layer of growth. The condensation water becomes slightly 
turbid. This organism is not an acid-producer like the first, but is 
hemolytic. Morphologically, especially when stained for a short 
time (20 minutes) with Giemsa’s solution it appears very much like 
B. muris. The most interesting feature of the organism is its ability 
to set up an acute orchitis in normal rats when intratesticularly 
injected. 

The first experiment was made on Rat 42, into which a 24 hour culture grown 
on blood slants at 30° and 37°C. was injected intraperitoneally and intratesticu- 
larly. B. muris did not appear in the blood, but the testicle became indurated 
within 6 days, when the animal was killed for transfer. A suspension of the 
testicular tissue was used for cultivation experiments and for intraperitoneal 
and intratesticular inoculation of two normal rats, 52 and 53. A pure culture 
of the organism was isolated from the testicular tissue. No induration followed 
the intratesticular injection of the tissue suspension, but in the blood of Rat 52 
a few forms resembling Bartonella muris were detected 8 days after the in- 
oculation. 

The virulence tests of Strain 28 B were repeated on two normal rats, 58 and 59, 
the cultures being injected intratesticularly only. An acute orchitis developed 
in both animals, and they died 10 and 9 days after inoculation, respectively. 
B. muris was not found in the blood at any time. From the testicles of Rat 59 
pure cultures of the organism were recovered. 

Pure cultures of Strain 28 B from Rat 42 were tested on two normal rats, 
60 and 61, the injections being made directly into the testicles. Rat 60 reacted 
more vigorously than Rat 61, the inflammation of the testicle reaching its maxi- 
mum in 3 days and disappearing in 9 days, while Rat 61 showed only a slight 
induration on the 3rd day. Bodies resembling B. muris were found in very 
small numbers in the blood of Rat 61, but not in Rat 60. A saline suspension 
of the testicular tissue of Rat 42, kept at 4°C. for 7 days, was injected into two 
normal animals, 62 and 63, but in neither was there more than a very' slight 
induration of the testicles. B. muris was not found in the blood. 
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Strain 28 B proved, therefore, to be identical in pathogenicity and 
cultural properties with the strains isolated from Rats 54 and 66. 
All three pathogenic strains are evidently the same microorganism. 
The culture forms are small, measuring 0.4 to 0.8 n in length and 0.2 
to 0.3 m in width, and appear very much like Bartonella marts. The 
organisms found in the indurated testicular tissues were coarser 


TABLE i. 

Summary of Experiments with the Organism Cultivated. 


Source of culture 

Strain No. 

Result of inoculation 

Blood of splenectomized Rat 28 

28 A 

Xon-pathogenic 

Blood of splenectomized Rat 28 

28 B 

Induced testicular lesion in Rat 42. Cul- 
ture recovered from testicular tissue 
Suspension of testicular tissue induced 
slight induration of testicles in Rats 
62 and 63 

Testicular tissue of Rat 42, in- 
oculated with culture of Strain 
28 B 

28 B 

No testicular lesions in Rats 52 and 53. 
Few intracorpuscular elements sugges- 
tive of B. rr.uris seen in blood of Rat 52 
Induration of testicles in Rats 58, 59, 60, 
61. Culture recovered from Rat 59 

Testicular tissue of Rat 54, in- 
oculated with suspension of 
liver tissue of splenectomized 
Rat 40 

54 

Slight induration of testicles in Rats 56 
and 57. Intracorpuscular elements in 
small numbers in blood of both 

Testicular punctate of Rat 66, in- 
oculated with titrated blood of 
splenectomized Rat 41 

66 

Not tested 


(1 to 1.5 /i by 0.3 to 0.4 v), took a deeper stain, and showed very little 
resemblance to the delicate B. marts of the blood of splenectomized 
rats. 

Several normal rats, rabbits, and guinea pigs were injected intra- 
tcsticularly with pooled cultures of Strains 28 B, 54, and 66 (from 
Rats 28, 42. 54, 59, and 66). The rats showed the usual marked 
induration of the testicles, but the other animals reacted only slightly. 
B. minis did not appear in the blood of any of the animals. 
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Immunization Experiments. 

Several normal rats were ' inoculated intraperitoneally on several 
occasions with live cultures of Strains 28 B, 65, and 66, and 9 to 10 
days after the last injection the animals were splenectomized. 
Following the splenectomy B. muris promptly appeared in the blood 
of all, that is, previous active immunization with the microorganism 
in question conferred no protection against the invasion of B. muris 
on subsequent splenectomy. 

An immune serum pepared in a rabbit by repeated intravenous 
injections with live cultures of different strains of the pathogenic 
microorganism failed to cause the disappearance of B. muris from the 
blood of splenectomized rats or to prevent invasion of the blood by 
B. muris thereafter when given intraperitoneally immediately before 
splenectomy. 

Although neither active nor passive immunity could be induced in 
rats against B. muris, by means of the microorganism under study, 
this organism is not definitely proven not to be B. muris since accord- 
ing to recent observations of Mayer and his co workers no immunity 
develops in splenectomized rats as a result of previous infection, the 
organisms appearing again in the blood of recovered individuals when 
blood containing them is intracardially injected. In the case of 
B. bacillifonnis killed cultures do not constitute a potent vaccine, and 
an immune serum prepared in rabbits by repeated intravenous in- 
jections of live cultures of the organism confers little or no protection 
against a virulent strain of the parasite, the incidence of takes among 
vaccinated and control monkeys being practically the same. 

The identity of the pathogenic microorganism cultivated from 
splenectomized rats cannot be established until suitable experimental 
animals are found. In the meantime I propose for it the provisional 
name, Bacterium murium. 

Bacterium murium was not isolated from the blood of 20 normal 
rats. Its invasion of the blood of splenectomized animals was 
perhaps due to the removal of the spleen. 

SUMMARY. 

Bartonella muris appeared in the blood of all white rats, wild rats, 
Chinese hamsters, and mice, from which the spleen w ? as removed, but 
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did not appear in that of splenectomized monkeys, rabbits, or guinea 
pigs. 

It has not been possible to transmit B. muris to normal rats, mon- 
keys, rabbits, or guinea pigs, by intraperitoneal, intradermal, or in- 
travenous injection of blood containing B. muris from splenectomized 
rats. 

In two instances an acute orchitis was induced in normal rats by 
injection directly into the testicle of blood or saline suspensions of 
the liver of splenectomized rats. The intracorpuscular elements 
occasionally found in the blood of some of the animals could not be 
definitely identified as B. muris or as having appeared as a result of 
the inoculation. The acute orchitis of rats was transferable to nor- 
mal rats in series. 

From the testicular tissue, as well as directly from the blood of a 
splenectomized rat, there was isolated in pure culture a microorganism 
which induced in the testicles of normal rats an acute orchitis such 
as resulted from inoculation of the blood or liver suspensions of 
splenectomized rats. While a few inclusions were found in the eryth- 
rocytes of some of the animals, their number was so small and their 
occurrence so infrequent that they could not be definitely identified 
as B. muris. 

In morphological features the cultural forms of the microorganism 
isolated resemble B. muris. The organism found in the testicular tis- 
sues, however , is considerably coarser than B. muris and takes a deeper 
stain. 

Immunological study failed to settle the question of the relation 
between B. muris and the cultivated organism, which is provisionally 
called Bacterium murium. 

Bartonella muris, Bartonella bacilliformis, and Grahamclla lalpx 
have characteristic individual morphological features. 
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PLATE 12. 


Cultures from Hood of splenectomized rats. 
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THE EFFECT ON SUBSEQUENT AGGLUTINATION OF THE 
EXPOSURE OF BACTERIA TO HEATED 
ANTISERUM. 


By F. S. JONES, V.M.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication, November 9, 1927.) 

Eisenberg and Volk (1) have shown that bacteria treated for in- 
tervals of 1 to 2 hours with immune serum heated to 65°C. or 70°C. 
failed to agglutinate when the heated serum was removed and fresh 
immune serum added. Ehrlich’s conception is that agglutinin is 
composed of two substances, one that brings about the combination 
of cell and antibody and another that produces agglutination. His 
explanation of Eisenberg and Volk’s phenomenon assumes that the 
zymophore substance is changed by heat into agglutinoid which no 
longer produces clumping. On the other hand, the haptophore por- 
tion is unaltered and still combines with the cell to such an extent 
that further union cannot take place on the addition of unaltered 
immune serum. This has been accepted as the explanation of the 
phenomenon. 

It seemed possible that Eisenberg and Volk’s phenomenon might be 
explained in other ways. Any serum when heated and added to a 
bacterial suspension might stick to the surface of the bacterial cell 
and thus prevent specific union on the subsequent addition of unheated 
immune scrum. Furthermore, it is necessary to show by experiment 
that the agglutinin or antibody has been completely destroyed when 
the scrum is heated in order to explain the process on the basis of 
agglutinoid combination. This is especially true in the light of the 
observations of Beyer and Reagh (2), Orcutt (3), and F. S. Jones (4) 
that certain types of agglutinin are not destroyed when heated at 
70°C. for 20 minutes. A further suggestion is that when too concen- 
trated heated serum is added the reaction may not take place because 
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of an excess of protein. To answer the questions thus brought up a 
series of experiments was undertaken. 

EXPERIMENTAL. 

The agglutinin was prepared by the immunization of rabbits with 
a motile strain of the hog cholera bacillus and Bacillus abortus. The 
agglutinating serum had been stored in the refrigerator for a month or 
more. Details of procedure are recorded under the separate experi- 
ments. 

Experiment 1 . — The growth from two 24 hour agar slants of the motile hog cholera 
bacillus was suspended in 2 cc. NaCl solution. Amounts of 0.3 cc. of this suspen- 
sion were added to 1.5 cc. of a 1 :1 dilution of hog cholera bacillus antiserum which 
had been heated at 75°C. for 30 minutes; to normal rabbit serum diluted 1:1 and 
also heated at 75°C. ; to normal rabbit serum diluted 1:1; and to 2 cc. of cow serum 
heated at 65°C. for h hour. For control purposes the same amount of culture sus- 
pension was added to 1.5 cc. of NaCl solution. All tubes were incubated 1$ hours, 
then 8 cc. of sterile salt solution was added and the tubes centrifuged rapidly. 
The supernatant liquid was withdrawn and the bacilli resuspended in 10 cc. of salt 
solution. The suspensions w r ere then tested with hog cholera bacillus serum. 
Readings were made after 2 hours incubation and refrigeration overnight. 

This experiment was repeated with similar results. From the proto- 
col submitted it is evident that exposure to normal serum fails to 
appreciabty affect the agglutinability of the bacilli. However, when 
the culture was added to the specific serum which had first been 
heated, the addition of further agglutinin did not materially increase 
the subsequent agglutination. It is well known from the work of 
others that 75°C. does not completely destroy the flagellar agglutinin, 
and as indicated in the control tube, some agglutination had already 
taken place. During the exposure the contents of each tube were 
repeatedly agitated by drawing up and rapidly expelling the mixture 
with capillary pipettes, so that any clumps were readily broken. In 
addition, after centrifugation the bacilli in the first series were diffi- 
cult to resuspend and the suspension was relatively unstable since 
deposition occurred throughout the tubes of the series. It is possible 
that a little agglutinin still remaining in the serum combines with the 
bacterial cells, but through mechanical means the clumps may be 
largely broken so that the bacterial suspension no longer reacts 
markedly with its antiserum. 
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It will be noted in the first experiment that heating agglutinin 
to 75°C. co nfir med in a large measure the findings of Eisenberg and 
Volk. Their experiments were conducted after heating the agglutinin 
to 65°C. or 70°C. When the lower temperatures were tried with the 
hog cholera bacillus agglutinin the bacilli were promptly agglutinated, 
and although the suspensions were agitated vigorously the bacilli 
settled to the bottom of the tubes after resuspension in salt solution. 

It seemed of further interest to observe the effect on subsequent 


TABLE i. 

** The Effect on Subsequent Agglutination of Exposing the Hog Cholera Bacillus to 

Various Sera . 


Dilutions of unheated hog cholera bacillus immune 
serum 
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Agglutination has been reported as follows: C, the maximum, with heavy de- 
posit and complete clearing; + d- d-d-, not quite complete; + + -f, strong clump- 
ing; + +, veil defined clumping and a definite deposit in the bottom of the tube- 
±, a slight deposit. 


agglutination of exposure of the bacilli to immune serum heated at 
higher temperatures. Experiment 2 covers this phase of the question. 


Experiment 2. . The immune and normal rabbit sera were each diluted in 4 
parts of salt solution. A portion of each was heated at 75°C. for 20 minutes 
another lot was exposed to ?0°C. for the same period. To each 2.5 cc of the heated 
diluted scrum, 0.3 cc. of a heavy suspension of living hog cholera bacilli was added 
I he same amount of culture was added to NaCl solution for control pumoses! 
All tubes were incubated 1 hour and the contents mixed repeatedly with capillary 
pipctles. After incubation, S cc. of NaCl was added and the mixture centrifuged 
The supernatant was then poured off and the bacilli resuspended in 10 cc. of saU 
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solution. The suspensions were then tested with immune scrum. The findings 
are given in Table 11. 

It will be noted that the data submitted in the second experiment 
confirm the first observation. When the bacilli are first submitted to 
antiserum which has been heated at 75°C. for 30 minutes, they fail to 
agglutinate to any great extent on the addition of fresh agglutinin. 
When the immune serum is heated at 80°C. for 30 minutes, the effect 
is less marked although the agglutinin titer of the unheated serum is 
appreciably diminished. The effect cannot be ascribed to mechanical 

TABLE II. 

The Effect of Exposing the Hog Cholera Bacillus to Scrum Healed at 75°C. and S0°C. 


Dilutions of hog cholera bacillus immune serum 
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influences of serum or slowing down of motility, since the organisms 
exposed to heated rabbit serum or salt solution continued to aggluti- 
nate well with the immune serum. Data not given in the table show 
that immune serum heated at 90°C. for 30 minutes has no appreciable 
influence on subsequent agglutination. 

It seemed of further interest to ascertain to what extent the proteins 
of the immune and normal rabbit sera actually combined with the 
bacterial cells. The writer (5) had previously shown that collodion 
particles and in certain cases bacteria bathed in solutions of various 
proteins retained sufficient on their surfaces so that they were agglu- 
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tinated on the addition of precipitin specific for the sensitizing protein. 
With a similar procedure it was hoped that actual combination 
could be shown. 

Experiment 3 . — As in the previous experiment, the immune and normal rabbit 
sera were diluted 1 :4. A portion of each was heated at 75°C. and 80°C. for \ hour. 
To 3 cc. portions of diluted serum 0.3 cc. of bacterial suspension was added. They 
were then incubated 1 hour, an excess of salt solution was added, and the tubes 
centrifuged. The bacilli were then washed twice more in salt solution and finally 
resuspended in 10 cc. NaCl. The resuspensions were tested with anti-rabbit 
serum precipitin prepared by injecting a fowl with rabbit serum. The results 
are given in Table 111. 


TABLE in. 

The Eject oj Rabbit Serum Precipitin on Hog Cholera Bacilli First Exposed to 

Healed Sera. 
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Culture carried in NaCl solution 
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From the protocol submitted in Table III, it is evident that when 
immune scrum containing antibody has been heated at 75°C. for 20 
minutes, certain of the antibodies are still capable of combining with 
the bacterial cell and such combination may be detected by precipitin. 
1 bus during union of bacillus and antibody certain of the serum pro- 
tems arc deposited on the bacteria, and this protein deposit will react 
with its specific antibody and agglutination result. That there had 
been considerable deposition of scrum protein on the bacilli exposed 
,o healed at 7S"C.i» clear. It is also true that senmt heated 

at . 0 C. is trot as efficient in this regard, but nevertheless considerable 
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'must be deposited on the bacterial cell surfaces. The reaction in this 
instance is well defined, since agglutination occurs when as little as 
1/200 cc. of precipitin is added. The control series in which the 
bacilli were acted upon by normal serum show only slight fixation be- 
tween bacterium and rabbit serum protein. The bacilli carried in 
salt solution, but otherwise manipulated in a similar manner, failed 
to agglutinate when treated with the rabbit serum precipitin. 

As a further confirmation of the preceding experiments the follow- 
ing experiment may be briefly cited. 

Experiment 4 . — When 0.5 cc. of bacillary suspension is added to a suitable 
amount of complement and 0.5 cc. of antiserum diluted 1:4, and, after suitable 
incubation, amboceptor and red cells are added, no hemolysis results. The same 
holds true when the diluted antisera are heated for 20 minutes at 7 0°C. and 75°C. 
When the antiserum has been heated to S0°C. there is still considerable diversion of 
complement (a ++ reaction). When the antiserum is heated to90°C. even less 
of the complement is diverted although the hemolysis is not complete. 

As the experiment shows, there remains in the serum heated at 
70°, 75°, and 80°C. an antibody still capable of combining with its 
antigen in sufficient quantities to entirely or partially divert comple- 
ment. 

When another organism and its specific serum are substituted for 
the hog cholera bacillus, essentially the same results are obtained, as 
will be brought out in Experiment 5. 

Experiment 5 . — Normal rabbit serum and rabbit serum containing agglutinin 
for B. abortus were diluted in 4 parts of NaCl solution. The diluted serum was 
distributed in amounts of 3 cc. in a series of tubes, and the tubes were then heated 
at 70°, 75°, 80°, 85°, and 90°C. for 20 minute intervals. A heavy suspension of 
B. abortus was added to each tube and all were incubated hours. A tube of 
bacterial suspension in salt solution was also incubated. The contents of all tubes 
were agitated at frequent intervals. After incubation, an excess of salt solution 
was added and the tubes centrifuged. The bacteria were then resuspended in salt 
solution and tested with unheated specific serum. The results of this treatment 
on subsequent agglutination are given in Table IV. The controls, where normal 
rabbit serum was used, failed to show that such treatment influenced subsequent 
agglutination and are for this reason omitted from the table. 

The Bacillus abortus serum on the whole behaves when heated much 
like the other agglutinin. There is however this difference, that the 
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substance in the abortion bacillus antiserum is more resistant to heat 
since sufficient combination existed even after heating the antiserum 
to 80° C. to prevent agglutination on addition of unheated iimmune 
serum. Imm une sera heated to 85°C. and 90°C. have no inhibiting 
effect. 

That there is an actual fixation between bacterial cell and serum 
protein can again be shown by noting the effect when rabbit serum 
precipitin is added to the bacterial suspension which had first been 
treated with heated agglutinin. This has been brought out in Experi- 
ment 6. 

TABLE IV. 


The Behavior of Bacillus abortus after Treatment vAth Seated Immune Serum. 



Experiment 6 This experiment is virtually a repetition of Experiment 3 except 
that B. abortus and its agglutinin were used. The procedure was the same. The 
results arc given in Table V. 

As in Experiment 3, Table 1 indicates that antiserum heated at 
75°C. actually combines with the bacterial cell in such quantities that 
agglutination results when a precipitin specific for rabbit serum is 
added. The blood scrum proteins are not dislodged by washing. The 
combination is less marked when the immune scrum is first heated at 
80 C., nevertheless the reaction is more intense than that occurring 
after suspension in immune scrum heated at S5°C. and 90’ C., or 
normal rabbit scrum heated at the same temperatures. 

It was possible by complement fixation tests to further confirm the 
findings that immune scrum heated to 75°C. for 20 minutes completely 
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deviates the complement in the presence of antigen. That heated to 
80°C. markedly deviates the complement, while there is only a slight 
deviation with serum heated at 85°C., and none with that heated at 
90°C. 

DISCUSSION. 

It is true that bacteria when first treated with immune serum heated 
at various temperatures may or may not agglutinate on subsequent 

TABLE V. 

The Effect of Rabbit Scrum Precipitin on Bacillus abortus First Treated with Heated 

Immune Scrum. 


Cc. of rabbit scrum precipitin 
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exposure to agglutinin. When the hog cholera bacillus antiserum was 
heated to 75°C. for 20 minutes, the bacilli exposed to its action failed 
to agglutinate when subsequently treated with unheated immune 
serum. When the first test serum is heated at 80°C., relatively little 
inhibiting effect is encountered. The reaction is a specific one, since 
it is not encountered when normal serum is used in a similar manner. 
In this regard Bacillus abortus acts much like the hog cholera bacillus 
when similar experiments are performed. However, Bacillus abortus 
serum heated at 80°C. is still capable of preventing further agglutina- 
tion of the bacilli. 

Ehrlich’s conception is that two substances produce agglutination, 
one is a combining body which is thermostabile, and the other produces 
clumping and is thermolabile. The latter is converted into agglutinoid 
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by heat. The combining substance is uninjured by heat and enters 
into combination with the bacterial cell, thus preventing union on the 
addition of fresh agglutinin. The evidence that I have submitted 
while not conclusive is at least suggestive that the reaction may.be 
explained on other grounds. 

In the first place, the temperature at which the earlier investigators 
heated their sera (65°C. and 70°C.) has in my hands always agglu- 
tinated the organisms. Furthermore, they worked with undiluted 
serum and it is possible that agglutination failed to take place because 
of an excess of colloid, i.e.. they may have been working in the prozone. 
When the evidence in regard to the hog cholera bacillus and its agglu- 
tinin is analyzed more carefully it is evident that heating at 75°C. for 
20 minutes is insufficient to destroy the agglutinin. In fact, the bacilli 
will agglutinate with such serum provided the incubation is long 
enough and if interfering mechanical factors are avoided. It has been 


shown that this is the case by several investigators. The writer M) 
brought out the fact that as the temperature increases the agglutinin 
content declines, at first gradually, until 75°C. is reached. The break 
is sharp at 80°C., although a little antibody can be detected even after 
heating to 90°C. There remabs, then, in the case of this serum 


considerable agglutinin after heatbg the serum to 75°C. It is sug- 
gested that this agglutinin combbes with the bacterial cell, but as 
the result of mixing, too short incubation, or for other reasons, the 
combination is not quantitatively sufficient to produce the phenome- 
non of agglutination. It may be that agglutbb is so modified during 
heating at certain temperatures that, although still capable of com- 
bining with the organisms, the usual phenomenon of such combina- 
tion (agglutination) fails to take place. The union is apparentlv 
sufficient to prevent further union when fresh immune serum is added. 
That union actually takes place between the bacterial cell and the 
serum proteins of certain heated sera is definitely shown bv the reac- 
tion when a specific precipitin is added, since it is known {hat agglu- 
tination results when bacteria or collodion particles are sensitized to 
proteins on addition of specific precipitin. As further evidence the 
behavior of the heated serum in the complement fixation tests is sug- 
gestive. Tn both cases cited the sera heated sufficientlv to prevent 
the secondary agglutination after the addition of fresh serum -riwav- 

"1,c„ '1,0 rera were hoa.™ kZ 
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temperatures and failed to prevent the secondary agglutination, then 
relatively little or none of the complement was deviated. 

The evidence for Bacillus abortus agglutinin is not so clear, although 
it is know that the agglutinin will resist heating to 70°C. for 20 
minutes. Serum heated above this point no longer causes agglutina- 
tion. Nevertheless when the immune serum is heated to 75°C. and 
80°C. it is still capable of preventing a second agglutination. It is 
clear, however, that actual union of bacterial cell and serum proteins 
occurs even after heating the immune serum to these temperatures. It 
is also true that such sera were able to bind complement. 

In the light of the experimental evidence the burden of proof that 
agglutinoid actually exists remains to be established, since the block- 
ing of secondary agglutination can be explained on the basis of residual 
antibody. 

SUMMARY. 

It is shown that when dilute rabbit serum rich in agglutinin for the 
hog cholera bacillus is heated at 75°C. for 20 minutes and the bacilli 
incubated with the heated serum, agglutination fails to result on the 
addition of unheated immune serum. When the immune serum is 
first heated to 80°C., it no longer greatly inhibits secondary agglutina- 
tion when the organisms are exposed to fresh agglutinin. The abor- 
tion bacillus agglutinin acts in a similar manner except that the im- 
mune serum must be heated above 80°C. for 20 minutes to prevent 
the second agglutination. The reactions are specific since control 
experiments with normal rabbit serum heated at various temperatures 
failed to influence further agglutination. It has also been shown by 
precipitation tests that there is definite fixation of serum proteins and 
bacterial cells with the heated sera which would prevent subsequent 
agglutination. Furthermore, heated antiserum which would prevent 
the secondary agglutination still possessed the property of deviating 
complement in a hemolytic series. 
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A COMPARISON OF THE SPIROCHETE OF YELLOW FEVER 
(LEPTOSPIRA ICTEROLDES NOGUCHI) WITH 
THE LEPTOSPIRA OF WEIL’S DISEASE. 

By ERICH MARTINI, M.D. 

(From the Hygienic Laboratory of Samper and Martinez, Bogota, Colombia, 
South America.) 

(Received for publication, July 7, 1927.) 

In the year 1923, yellow fever prevailed in Bucaramanga, the capital 
of the Department of South Santander in Colombia, South America. 
The diagnosis, which was made at the time by a group of local phy- 
sicians, 1 * * 4 was confirmed by a commission of the International Health 
Board of the Rockefeller Foundation. 1 This commission conducted 
its work in our laboratory at Chapinero (Bogota). The confirmation 
was made serologically by Pfeiffer tests in guinea pigs furnished by us, 
cultures of Leptospira iclcroidcs having been forwarded by Dr. No- 
guchi. It then became an aim of the laboratory' to be prepared to 
determine a diagnosis of yellow fever by Pfeiffer tests. For the 
purpose wc made an attempt to grow our own cultures of Leptospira 
iclcroidcs from the only guinea pig that survived the Pfeiffer tests of 
the commission. 

The animal (Guinea Pig 1) had been inoculated intraperitoncally by Dr. 
Tothicr on May 16, 1923, with a rich culture of Leptospira iclcroidcs (grown on 
Noguchi medium) together with human scrum from a suspected case of yellow 
fever. On May 24, 1923, 8 days later, heart's blood was taken from the inoculated 
animal and placed in Ungcrmann medium, containing rabbit serum inactivated 
for 30 minutes at a temperature of 5S-60°C. and covered with a protective layer 
of paraffin On June 9, 1923, the culture showed an abundant growth of lepto- 

1 Ilrs. Daniel Peralta, Martin Carvajal, Francisco Pradilla Gonzalez, Andres 

Gomez, Julio \ aldivicso, Rolierto Scrpa, and Louis Ardila Gomez, who in a publi- 

carion issued in April. 1923, substantiated their findings by clinical histories. 

4 Dr> J H. White, Pothicr, and Wcnccdao I’arcja, who were sent in response 
to a request made by the Government of Colombia, through the Director of Hv- 
girnc, I)r Pablo Garcia Medina. 
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spira, and we were, therefore, in a position to undertake serological tests for yellow 
fever. 

In our subsequent work we employed the pure or a modified form of the Unger- 
mann culture medium and adopted the following procedure. During the early 
months, we made weekly transfers to guinea pigs. Certain animals were in- 
oculated with Leptospira ictcroidcs (Noguchi), and others, for purposes of com- 
parison, with Leptospira icier ohxmorrhagisc (Weil’s disease). Series of cultures 
were made in both instances, at first with heart’s blood, or suspensions of liver and 
kidney. Later on, cultures were inoculated only with heart’s blood. In every 
case, the pathogenic material was taken on the day of maximal fever and cultured 
promptly. 

With the cultures thus obtained, guinea pigs were again inoculated intraperi- 
toneally, and from the heart's blood of the infected animals, other cultures were 
made for the inoculation of fresh guinea pigs, and so on. It was observed that the 
virulence of the spirochetes decreased gradual)}' in the process of passage, so that 
finally, in August, 1923, after about 3 months of transfer, no animals died of the 
infection, although large numbers of spirochetes were injected. During the sub- 
sequent months, an animal would now and then exhibit a slight degree of the char- 
acteristic icterus, but notwithstanding the high fever (up to 41 °C.), all survived 
the infection. Ultimately no jaundice was perceptible, but cultures could still 
be obtained from the heart’s blood taken at the height of the fever. As Lebredo 
of Havana in his publications reported that he had observed viability up to 7 
months of Leptospira ioteroidcs in cultures made on the Noguchi medium, we 
continued to make inoculations of guinea pigs, and subsequent cultures with the 
heart’s blood, at intervals of from 3 to 6 months, and are today — more than 3 years 
later — still in possession of living cultures of this particular strain. 

Leptospira icier ohxmorrhagix, which by our present methods cannot 
be distinguished morphologically from Leptospira icteroidcs, was 
likewise inoculated and cultured. No means of differentiation 
between the two types of leptospira was apparent at first. But 
later on, differences in respect to the duration of life of the two types 
of cultures became evident, and these differences increased as modifi- 
cations in the culture media were undertaken. 

The cultures of Leptospira ictcrohx m orrhagix during the early months were 
grown on Ungermann medium; later on, we employed for one half of the cultures a 
medium made of inactivated rabbit serum and physiological salt solution in the 
proportion of 1: 3; and finally the heart’s blood only was used in physiological 
salt solution, a process which appears to have been first employed by Uhlenhuth 
and Zuelzer. In a number of instances, cultures were made with rabbit serum 
which had not been inactivated, but this method was abandoned, since as a rule 
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the results thus obtained were not as good as when the original Ungermann 
method was employed. 

About 100 cultures of each of the two types— Leptospira icleroidcs and Lepto- 
spira iclcrohxmorrhagix — were made according to the original Ungermann tech- 
nique; about an equal number of cultures with inactivated rabbit serum and 
physiological salt solution, 1:3; and 50 cultures each in physiological salt solu- 
tion. In a few cases, a 1 :3 mixture of uninactivated rabbit serum and physiologi- 
cal salt solution was used. The employment of the last mentioned medium did 
not give as consistent results as the mixture made with inactivated rabbit serum, 
although one of these Leptospira icteroides cultures proved viable after 2 years and 
5 months. 

It is noteworthy that when a small quantity of rabbit blood was 
added to the mixture of rabbit serum and physiological salt solution, 
the growth of Leptospira iclerohxmorrhagix was abundant, while 
on the other hand the cultures of Leptospira icteroides in this medium 
did not as a rule show a great increase of growth. But neither of 
the two types of spirochete was viable for particularly long periods 
of time when grown in this medium. 

Tables I and II show the growth periods of the two types in various 
media, the longest periods being recorded. The terms Leptospira 
icteroides and iclcrohxmorrhagix have been employed because they are 
current in Central and South America. 

The conclusions to be drawn from these tables are: 

1. In a medium made of physiological salt solution, in which 
Leptospira icleroidcs is known to grow less vigorously than Leptospira 
iclcrohxmorrhagix, the longest period of growth for Leptospira ic- 
tcroidcs was 61 months, i.c. a period about one-half to two-thirds 
that of Leptospira iclcrohxmorrhagix, which was alive after 11 months. 

2. In the Ungermann culture medium, Leptospira icleroidcs lived 
nearly a year longer (3 years in all) than Leptospira iclcrohxmorrhagix 
(2 years and 1 month). 

3. itli the use of inactivated rabbit serum and physiological 
salt solution, 1:3, Ixptospira icleroidcs survived six times as long 
(3 years and 6’ months) as Leptospira iclcrohxmorrhagix (6| months), 
although the growth of the latter was abundant. 

In judging these cultivation experiments, account must be taken 
of the fact that a comparison has been made in each case with but a 
single strain of the two types of Icptospira. In order to arrive at 
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TABLE I. 


Leptospira ictcroidcs. 


No. 

Guinea 

P'S 

Dates 

cultures 

were 

made 

Medium 

Date last 
examined 

No. of 
surviving 
cultures 

Viability 
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yn. 

mot. 

1 

2 


Isotonic salt solution 
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U 

2 

3 


a u tt 
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tt tt tt 

9/ 8/24 
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3$ 

4 

5 
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5/31/25 
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6* 

5 

6 

5/14/25 

Blood; inactivated rabbit se- 
rum, isotonic salt solution 

3/ 5/26 

i 


9} 

6 

7 

1/25/24 

Inactivated rabbit serum, iso- 
tonic salt solution 

12/23/24; 

i 


11 

7 

8 

3/12/26! 

Ungermann 

5/27/27 

i 

1 

2 

8 

2 

9/24/24 

Inactivated rabbit serum, iso- 
tonic salt solution 

3/11/26 

i 

1 

6 

9 

9 

9/11/23 

Ungermann 

5/19/25 

i 

1 

S 

10 

: 


3/10/24 

Inactivated rabbit serum, iso- 
tonic salt solution 

3/ 5/26 

i 

1 

11 

n 

9 | 

9/11/23 

Ungermann 

10/ 5/25 


2 


12 

11 

12/ 1/23 

tt 

3/ 5/26 


2 

3 

13 

12 

12/22/24 

Active rabbit serum, isotonic 
salt solution 

5/27/27 

i 

2 

5 

14 

13 

12/ 1/23 

Ungermann 

12/10/26 

i 

3 


15 

7 

1/25/24 

Inactivated rabbit scrum, iso- 
tonic salt solution 

5/27/27 

i 

3 

4 

16 

14 

11/ 5/23 

Inactivated rabbit serum, iso- 
| tonic salt solution 

5/27/27 

■ft 

3 

6? 


TABLE II. 


Leptospira icier ohremorrhagix. 


No. 

Guinea 

pig 

Dntes 

cultures 

were 

made 

Medium 

Date last 
examined 

No. of 
surviving 
cultures 

Viability 

i 

15 


Isotonic salt solution 

5/19/25 

2 
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6 

2 

16 
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Inactivated rabbit serum, iso- 

12/17/24 

1 

6 i 

3 

17 

8/22/24 

tonic salt solution 

Isotonic salt solution 

5/19/25 

1 

9 

4 

18 

5/26/24 

« <c tt 

4/29/25 

2 

11 

5 

19 

11/30/23 
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5/19/25 

1 

1 5} 

6 

20 

11/30/23 

tt 

5/19/25 

1 

1 51 

7 

21 

3/10/24 

tt 

3/ 6/26 

1 

2 

8 

22 

1/22/24 

tt 

2/26/26 

1 
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really conclusive results, it will be necessary to make comparative 
studies of many strains of both types. The above mentioned results, 
however, may serve to indicate a direction for further investigation, 
since they suggest a possible means of differentiation of the organisms. 

As the course of the infection with Leptospira icteroides in the ex- 
perimental guinea pig has been minutely described by Noguchi, we 
shall not take it up here. The clinical history and the pathological 
anatomy of the animals have moreover been extensively dealt with 
by W. H. Hoffmann of Havana. On the basis of careful experi- 
mental work, the last mentioned author maintained for a long time a 
skeptical attitude regarding the etiological significance of Leptospira 
icteroides in yellow fever, because of the clinical and pathological 
similarities to iclcrohxmorrhagix infections in guinea pigs. Finally, 
however, even Hoffmann, on the basis of his studies of human yellow 
fever cases, of the Pfeiffer reaction, and of the specificity of the yellow 
fever vaccine and serum, appears no longer to doubt that Leptospira 
icteroides of Noguchi is the active, causative agent of yellow fever. 

With regard to Leptospira icteroides from the guinea pig, the fol- 
lowing points which Noguchi has already elucidated appear to be 
significant: 

As a rule, the temperature attains its greatest height (40-41°C. and over) from 
the 4th to the 7th days after inoculation, while the peak is only occasionally at- 
tained on the 3rd day, or on the Sth to 11th days. Sometimes, however, the 
temperature may go as high as 40°C. on even the 14th day after inoculation. 
Temperatures up to 4 1 C C. and over, arc, however, not necessarily indicative of a 
severe infection. Guinea Pigs 23, 24, and 11 inoculated with Leptospira icteroides 
recovered completely after very high temperature rises. The first two animals 
showed the typical icterus. On the other hand, guinea pigs may succumb in a 
few days with a temperature of less than 40°C., the temperature suddenly falling 
below normal. In such cases, icterus, typical cutaneous hemorrhages, epis taxis, 
necrosis of the liver, and lime casts in the kidneys were all noted. 

It is desirable to take the material for cultivation — heart's blood, suspension of 
liver or kidney at the height of the fever, if possible when the temperature has 
reached 40° or over, and to place it immediately in the culture medium. Accord- 
ing to our experience, this high body temperature, which Ls most favorable for 
injuring a vigorous culture growth, continues for only 1 or 2 hours and docs not 
prv>grc« after the initial rise has been attained. Particularlv is this the case in 
m feet ions produced with avirulcnt cultures. Hence it is ncccssarv in <uch in- 
-t-necs to watch the animals closely in order to utilke a favorable opportunity for 
oMnininR or other mater;?*]. 
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The earliest period at which we were able to obtain positive results from cul- 
tures was 5 days after planting. As a rule, however, an abundant growth could 
not be obtained before about the 10th day. It happened not infrequently that 
culture media which appeared to be sterile for a number of weeks began to show 
signs of growth after about a month. 

The temperature most favorable to the growth of cultures ranged between 
24° and 34°C., but cultures kept at temperatures below 30°C. retained their via- 
bility for a longer time, for several weeks at least. If kept between 22° and 
24°C., the organisms remain viable for a long period. 

CONCLUSIONS. 

The most noteworthy point observed in our studies is the extra- 
ordinary duration of life and the relatively meagre requirements for 
sustenance of Leptospira icteroides. It is conceivable that under 
natural conditions opportunities might arise for the prolonged exist- 
ence of Leptospira icteroides , so that possibly after a lapse of years, 
the disease might reappear without introduction from outside. At 
any rate, the great viability of Leptospira icteroides must be considered 
in this connection. 

A decrease in the virulence of the leptospira does not rule out the 
possibility of a renewed outburst of yellow fever, since Uhlenhuth 
and Zuelzer have shown that it is possible to set up Weil’s disease in 
guinea pigs by means of apparently saprophytic spirochetes obtained 
from drinking water, when the virulence of these organisms has been 
artificially heightened. 

In conclusion the writer takes pleasure in expressing Ms appreciation 
for the collaboration in this work of Dr. Bernardo Samper Sordo. 
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INTRODUCTION. 

The study of the rcticulo-endothelial system in its relation to the various 
phenomena of immunity and anaphylaxis has during the last few years engaged an 
increasing number of investigators. Several extensive reviews (1-6) on this subject 
have recently appeared to which the reader is referred for detailed information. 
In this country the work of Gay and his associates has done much to bring to 
light the important role of the rcticulo-endothelial cells in the formation of 
antibodies, particularly with reference to the mechanism of local immunity. 
Valuable information on the significance of the reticuloendothelial system in the 
various immunity reactions has been derived from an application of the so called 
blockade method, cither alone or together with splenectomy, to the particular 
problem under consideration. Without discussing the merits of this procedure 
as a means of eliminating or temporarily invalidating the normal physiological 
action of the respective cells, let it suffice to state that methods of blockade have 
been of distinct value in the experience of many workers, although it must be 
conceded that others have not been able to secure such uniform results. 

The problem as to the site of antibody production may be approached (1) 
by measuring in vitro the antibody titer of blocked or splenectomizcd animals 
immunized with non-living antigens, and (2) by following the course of various 
acute and dironic infections in animals so treated. Observations of the latter 
kind have up to the present been less numerous. Besides the attempts which 
have been made to break the natural immunity of certain species to given in- 
fections and intoxications by endothelial blocking or splenectomy (7), the work 
of Tsuda (8), Ifocn, Tschcrtkow and 7-ipp (9), Lcdingham (10), Wright (11), 
Singer and Adler (12), Ocrskov (13) and Bass (14) should be mentioned in this 
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connection. In the ease of relapsing fever in mice the apparent lack of antibody 
production after blockade and splenectomy was recently demonstrated by the 
writer (15). These findings were fully corroborated by the contemporaneous 
work of Ivritschewsky and Rubinstein (16), and further amplified by the more 
recent studies of Lisgunova and Butjagina (17). On the other hand, Feldt and 
Schott (18) and Bruynoghc and Collon (19) did not observe any difference in the 
course of this infection between blocked or splencctomizcd and normal mice. 
The reason for tin's discrepancy is not altogether clear. That one may not 
always be justified in generalizing from observations on one type of infection is 
illustrated by the fact that in some unpublished experiments, the writer noted no 
material difference in the character or course of syphilitic and tuberculous in- 
fection in blocked and splencctomizcd mice and guinea pigs. This refers to the 
manifestations and distribution of the clinical lesions in general. Likewise, in 
rabbits infected with Trypanosoma cquiperdum, the number of parasites in the 
blood remained unaltered after the administration of massive intravenous doses 
of Indian ink. Mention should also be made that the parasites disappeared 
critically from the circulation on or about the 6th day of the disease — a phe- 
nomenon which was described by Mutermilch in 1911 (20) — with the same 
regularity in blocked animals as they did in controls. 

The introduction of blockade methods in the endeavor to analyze phenomena 
of passive immunity has only recently been made by Neufeld and Meyer (21) 
and Meyer (22), although the earlier studies of Lippmann (23) had already 
served to emphasize the significance of the mobile phagocytic cells for the es- 
tablishment of passive immunity in pneumococcus and streptococcus infection. 
The first mentioned authors were unable to note any difference between blocked 
or splenectomized and normal mice with reference to the protective action of 
antipneumococcus serum against Pneumococcus Type I infection in this species. 
Meyer (22), therefore, concludes that the destruction of the pneumococci by the 
immune serum is essentially a humoral process, not primarily involving the 
participation of phagocytosis. 

In view of the many facts which suggest the important function of 
the phagocytic cells, both mobile and sessile, in the elimination of 
pneumococci from the circulation of the immune animal, it appeared 
desirable to employ the experimental methods of blockade or splenec- 
tomy in a study of the passive immunity against this infection. At 
the same time it was considered of particular interest to carry on an 
investigation, based on similar principles, into the nature of passive 
immunity to tetanus toxin. The disease processes mentioned were 
chosen on the ground that they represent examples of two types of 
immunity, that is, antibacterial and antitoxic, which are believed 
to differ fundamentally in their mechanism. 
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EXPERIMENTAL WORK. 

A. Experiments on the Effect of Blockade and Splenectomy on the 
Passive Immunity in Pneumococcus Type I Infection. 

These experiments were carried out in normal white mice weighing from IS 
to 24 gm. The pneumococcus strain was a highly virulent Type 1 culture (X5); 
the immune serum, an Antipneumococcus Type 1 horse serum produced for 
therapeutic purposes. Both the bacterial strain and the serum were obtained 
from the Division of Laboratories and Research of the New York State Depart- 
ment of Health, Albany, New York, through the courtesy of Dr. Wadsworth 
and Miss Kirkbride. 

Before studying the effect of blockade and splenectomy on the protective 
action of antipneumococcus serum against pneumococcus infection in mice, it has 
seemed advisable, for purposes of control, to obtain data on the influence of the 
above mentioned experimental procedures on the course of untreated pneumo- 
coccus infection in this species. It was found that neither a preceding intra- 
venous injection of India ink (1 cc. of 1:15 dilution) nor the removal of the 
spleen, nor a combination of both these procedures was capable of altering the 
course of Pneumococcus Type 1 infection in mice. This statement is made with 
reference to the size of the minimum fatal dose, the length of time the animals 
lived and the time of appearance of the pneumococci in the blood stream after 
intrapcritoncal inoculation. Essentially the same conditions prevailed when 
the intravenous route was chosen as the mode of infection, with the exception, 
however, that death was very much delayed in both the experimental animals 
and controls. Doses of 0.000001 cc. and 0.001 cc., if given intravenously, caused 
death only after 5 and 3 days respectively, while the same doses upon intra- 
pcritoncal inoculation killed the animals promptly in from 24 to 48 hours. 

The influence of blockade and splenectomy on the action of Antipneumococcus 
Type 1 scrum in Pneumococcus Type I infected mice was studied next. The 
experiments were carried out by injecting intrapcritoneally mixtures of a constant 
amount of scrum (0.1 cc.) and varying doses of an IS hour culture (0.1, 0.2, 0.3 
cc.), in a uniform volume of 0.5 cc. each, into three groups of mice. The first 
group represented normal controls, the second had received 1 to 2 hours before 
an intravenous injection of India ink (1 cc. of 1:15 dilution) while the last group 
had been splcncctomizcd 2 days previously. For each mixture, duplicate ani- 
mals were run, and the final results of each test were based on an arbitrary 4 
day observation. Virulence controls (0.000001 cc. and 0.00000001 cc.) accom- 
panied each test. Instead of recording each individual experiment, the results 
of five tests, carried out on separate dates, arc chartered together. Although 
there arc disadvantages to this method of evaluating the results, it is possible 
to obtain average figures without permitting the irregularities in virulence and 
the variability in individual susceptibility to ol^curc the fundamental results • 
in the experiment. 
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As may be seen from Table I, the protective action of Antipneumo- 
coccus Type I serum against the homologous infection was definitely 
lower in mice injected with India ink as compared with the normal 
controls. While 0.1 cc. of serum protected fully 100 per cent of nor- 
mal mice against 0.1 cc. of culture, only 40 per cent of the blocked 
mice lived on the 4th day after the test. On the other hand, when 
splenectomy preceded the test shortly before, there seemed to be no 

TABLE i. 

Action of Anlipncumococcus Type I Scrum against Pneumococcus Type I Infection 
in Normal , Blocked and Splenectomized Mice. 

(Combined Results of Five Tests.) 


No. of 
animals 

Preparation 

Mixtures (injected 
intrapcritoneally) 

Result 

Protection 

Serum 

Culture 

Survived 

Died 



cc. 

CC. 



fer cent 

10 

Normal 

0.1 

0.1 

10 

0 

100 

cc 

Blocked 

c t 

• 

cc 

4 

6 

40 

“ 

Splenectomized 

cc 

cc 

9 

1 

90 

cc 

Normal 

cc 

0.2 

6 

4 i 

60 

CC 1 

Blocked 

u 

cc 

3 

■ 

30 

« 

Splenectomized 

cc 

I 

cc 

5 

H 

50 

tC 

Normal 

cc 

0.3 

4 

1 1 

40 

it 

Blocked 

cc 

CC 

1 

mm 

10 

« 

Splenectomized 

cc 

cc 

4 

29 

40 

5 

Normal 



0.000001 

0 

29 

0 

CC 

CC 

— 

0.00000001 

CC 

cc 

CC 


material diminution in the degree of passive immunity. Similar 
conditions were found to prevail in the case of other quantitative 
combinations of serum and culture. In a few instances, the serum 
was given prophylactically at various intervals (24, 48 and 72 hours) 
before the infection. Although the results available are too few upon 
which to base definite conclusions, they indicate that the protective 
action of a prophylactic dose of serum against subsequent infection was 
diminished still more in blocked animals. 
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B. Experiments on the Effect of Blockade and Splenectomy on the Passive 
Immunity to Tetanus Toxin. 

These experiments were carried out in normal white mice, weighing from 18 
to 24 gm. The tetanus toxin was a recently prepared broth toxin which at the 
time of its preparation had a minimum fatal dose for guinea pigs of 0.0001 cc. 
The antitoxin was a refined and concentrated pseudoglobulin prepared from 
antitoxic horse plasma, and contained 800 units per cc. Both the toxin and 
antitoxin were obtained from Dr. Wadsworth and Miss Kirkbride of the New 
York State Department of Health, to whom my best thanks are due. 

Jn preliminary experiments, the potency of this toxin for mice was titrated 
in normal animals and in mice which had (1) received one intravenous blocking 
injection of India ink 1 to 2 hours before the test; (2) which had been splenec- 
tomized 2 days previously; (3) which had been subjected to splenectomy and 
blockade. There was no difference in the lethal action of the toxin for normal 
and experimental animals, the minimum fatal dose being with each group 0.001 
cc. after subcutaneous injection, and 0.0005 cc. after intravenous injection. 

The influence of blockade and splenectomy on the neutralization of tetanus 
toxin by specific antitoxin and on the protection afforded by a preceding dose of 
antitoxin against subsequent intoxication was studied. The first -part of these 
experiments was carried out by injecting subcutaneously, as well as intravenously, 
mixtures of a constant amount of toxin (two hundred minimum fatal doses = 
0.2 cc.) and varying amounts of antitoxin (0.002, 0.001, 0.0005, 0.00025 cc.) into 
normal and experimental mice. The mixtures contained the toxin and antitoxin 
in a uniform volume of 0.5 cc. each and had been held 1 hour at room 
temperature before the injection was made. Duplicate animals were run for 
each toxin-antitoxin mi xture; the results of two tests are recorded together in 
Table II. 

Table II shows clearly that the various toxin-antitoxin mixtures 
were toxic or non-toxic for experimental animals to the same extent as 
they were for the normal controls, the minimum dose of antitoxin 
which neutralized exactly two hundred minimum fatal doses in this 
case being in either group 0.001 cc. These results then demonstrate 
that, after union between toxin and antitoxin has taken place in vitro, 
the reaction on the part of the animal represents merely a registration 
of the toxicity of a given mixture and the physiological effect is in 
direct proportion to the amount of free toxin present. This process, 
in accordance with the previous findings, does not seem to involve 
primarily the reticulo-endothelial cells in its accomplishment. 

Further experiments were planned to provide for a union of toxin 
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and antitoxin in vivo, allowing sufficient time for a general distribution 
of the antitoxin in the organism. Experimental animals, blocked by 
an intravenous injection of India ink as described before, together with 

TAELE II. 


Titration of Tetanus Toxin and Antitoxin in Normal, Blocked and 
Splcncctomizcd Mice. 

(< Combined Results of Two Tests.) 


No. of 
animals* 

Preparation 

Mixtures (injected cither 
subcutaneously 
or intravenously) 

Results 



Toxin 

Antitoxin 
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0.2 

0.002 
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tt 

tt 
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*In each group of four animals, two received the respective toxin-antitoxin 
mixture subcutaneously, two intravenously. 


an equal number of normal controls were given a constant amount of 
antitoxin (0.01 cc.) intraperitoneally, and after varying intervals, i.c., 
24, 48 and 72 hours, received by the same route graded doses of toxin 
(0.2, 0.1, 0.05, 0.01 cc.) in order to determine the degree of passive 
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immunity. The results, which are shown in Table m, demonstrate 
a marked difference between the experimental animals and controls. 

TAB XX m. 

Protective Effect of a Preceding Dose of Tetanus Antitoxin against Subsequent 
Intoxication in Normal and Blocked Mice. 


No. of 
animals 

Preparation 

Antitoxin in- 
iected intra- 
peritoneally 

Toxin in- 
fected intra- 
peritoneally 

Interval* 

Result 

Survived 

Died 



cc. 

cc. 

hr. 



i 
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0.01 

0.2 


i 

0 

tt 

tt 

tt 

it 

tt 
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0.1 

0.05 

24 

it 

a 

tt 

tt 

a 

tl 

it 

0.01 


tt 

tt 

a 
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ft 

0.2 


0 

1 

it 

tt 

it 

0.1 
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it 

it 

tt 

it 

it 

0.05 

1 

0 

tt 
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it 
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tt 

tt 
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it 
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0 
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a 
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it 
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it 
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tt 
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it 
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1 
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it 
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0.05 
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a 
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1 
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tt 
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0.05 

72 

tt 

It 

it 

a 

tt 

0.01 


tt 
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This interval represents the elapsed time between the injection of the toxin 
and the antitoxin. 


While,, under the conditions of the test, a prophylactic dose of 0.01 cc. 
of antitoxin was capable of protecting normal mice against 0.2 cc. of 
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toxin for fully 72 hours, the blocked mice after an interval of 24 and 
48 hours were protected only against 0.05 cc. of toxin and after a 
period of 72 hours no protection at all was noted against even 0.01 cc., 
the smallest dose of toxin employed. 

DISCUSSION. 

In discussing the observations made in this study, the fundamental 
difference between the reaction of the antibacterial serum, on the one 
hand, and the reaction of the antitoxin, on the other, with their specific 
antigens, becomes at once apparent. Both, pneumococcus infection 
and tetanus intoxication inmice, represent examples in which agents of 
maximum virulence or toxicity are introduced into a host of maximum 
susceptibility. Interference with the cellular defensive mechanism 
of the host, such as is brought about by blockade of the reticulo- 
endothelial system or splenectomjq under such conditions, is not apt to 
further decrease this minimum of resistance. In accordance with this 
consideration, it was found that both disease processes were not 
altered appreciably in their course by the above mentioned experimen- 
tal procedures. The results obtained from this part of the work at the 
same time contradict an objection, which has been raised by some 
authors against the value of blockade as a means for the selective 
elimination of the antibody-producing reticulo-endothelial cells. It 
has been claimed that the injection of foreign colloidal material is a 
procedure which in a general, non-elective fashion lowers the vitality 
of the animal and consequently reduces its capacity to respond to an 
antigenic stimulus. The present experiments show that in processes, 
the acute course of which does not allow for antibody production, 
neither blockade nor splenectomy affect the general vitality of the 
experimental animal, as is the case where other experimental 
methods are used, such as injection of certain chemical poisons, 
exposure to actinic rays, removal of the glands of internal secretion, 
starvation, diet deficiencies, etc. 

The action of antibacterial serums in general on their respective 
infections has long been recognized to involve the active participation 
of the passively immunized individual in the final destruction of the 
respective microorganisms, quite apart from any possible direct inter- 
action between antibodies and antigen. Such immune reactions differ 
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from the toxin-antitoxin neutralization not only in the fact that no dele- 
terious reaction in vitro is demonstrable without the participation of 
living tissue cells or of ferments, but also by their failure to follow the 
laws of multiple proportions. The mere fact that the protection 
afforded by an antibacterial serum against the corresponding infection 
is definitely limi ted, the protective action of increasing amounts of 
serum not rising proportionately against increasing doses of culture, 
suggests the existence in the animal of a third factor, which deter- 
mines to a large extent the outcome of the test. Furthermore, the 
importance of such individual disposition is reflected by the ap- 
parent irregularities in the results of protection tests with strepto- 
coccus and pneumococcus sera, while the respective infections alone 
are marked by their uniform and regular course. In the case of 
Pneumococcus Type I infection, it has long been realized that the 
protective effect of antipneumococcus serum against this infection 
is not due to any bactericidal action of the serum, but must be linked 
closely with active participation of the phagocytic cells of the treated 
animal (bacteriotropins). It is, therefore, to be expected that any 
interference with the physiological integrity of the reticulo-endothelial 
system must of necessity lower the protective action of the immune 
serum. The results obtained in this study, which clearly demonstrate 
a lowered protective effect of Antipneumococcus Type I serum against 
Pneumococcus Type I infection in blocked mice, in the writer’s 
opinion, may be conveniently interpreted in conformity with the out- 
lined theoretical considerations. In this connection it is of interest 
to draw briefly attention to the work of Kritschewsky and Meersohn 
(24), Kolpikow (25) and Feldt and Schott (18), as well as to our own 
observations (15), which have shown that the chemotherapeutic effect 
of salvarsan on relapsing fever and trypanosome infection in mice 
likewise depends on the presence of an intact reticulo-endothelial 
system. The writer has suggested that the marked discrepancy in 
the case of salvarsan between the lack of action in vitro and the high 
parasitiddal power of the drug in the infected animal on the corre- 
sponding organisms may possibly be explained by a hitherto unknown 
function of the reticulo-endothelial cells, which may account for the 
transformation of the inactive preparation into the active derivative. 
Earlier observations of Rosenthal and Spitzer (26) on the relation of 
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the trypanocidal action of human serum to the reliculo-endothelial 
system would seem to strengthen such an hypothesis. 

Contrasting the mechanism of passive immunity, induced by the 
so called antibacterial sera, with an analysis of the toxin-antitoxin 
reaction, it would appear that the latter is essentially a humoral proc- 
ess, which does not depend upon an active participation of the host. 
The animal, under such conditions, simply serves as a passive biological 
index of the amount of free toxin present, no implication of any 
phagocytic cells being primarily involved in this reaction. In har- 
mony with the above presumption, it was found, when we inject in 
vitro prepared mixtures of tetanus toxin and antitoxin into blocked 
mice, that the ensuing reaction was in each instance directly com- 
parable and alike with the corresponding effect in normal animals. 
Essentially different results, however, were obtained, when the 
antitoxin was given prophylactically and the degree of passive 
immunity tested against subsequent intoxication. Under such con- 
ditions, it was observed that the passive immunity conferred after 
an interval of 24 and 48, hours respectively, was much lower in 
blocked mice than in normal controls, a still further reduction be- 
coming manifest after a 72 hour period. In interpreting this obser- 
vation it is not clear whether the union of toxin and antitoxin in vivo 
depends upon a preceding fixation or attachment of the antitoxin to 
the reticulo-endothelial or other tissue cells (c/. Levaditi and Muter- 
milch (27), Hahn and von Skramlik (28)) which would be influenced 
unfavourably by previous blockade, or whether the lower protection 
is to be attributed to a more rapid excretion in the blocked animals of 
the antitoxin, which in this case was intimately bound to the foreign 
protein (horse serum pseudoglobulin). The observations of Saxl and 
Donath (29) on the slower elimination from the blood stream of foreign 
substances in splenectomized or blocked animals, and those of Collon 
(30), which suggest a prolonged presence of foreign protein in the 
circulation of rabbits after blockade with trj^pan blue, may be taken 
to indicate an inhibiting or retarding influence of blockade on the 
resorption of the antitoxin by the tissue cells. In the case of passive 
immunity to diphtheria, Kassowitz (31) and Freud (32) have shown, 
in addition, that a high concentration of antitoxin in the circulation 
may under certain conditions be associated with a low content of the 
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antibody in the tissues, in which case the individual would not be 
protected. The fact, however, that with the increase of the time inter- 
val protection was further diminished in the blocked animals in the 
writer’s experiments, would render an explanation based solely upon 
an altered distribution of the antitoxin between the tissues and 
the circulation somewhat questionable. Further insight into these 
phenomena will not be gained until more is known of the elimi- 
nation of heterologous antigens and homologous antibodies from the 
circulation and of the mechanism underlying their final excretion from 
the body, particularly with reference to changes in permeability of the 
cell membrane following the injection of blocking substances. 

SUMMARY. 

1. Blockade of the reticulo-endothelial system by means of one 
intravenous injection of India ink as well as splenectomy did not 
alter the course of either Pneumococcus Type I infection or tetanus 
intoxication in mice. 

2. The protective action of Antipneumococcus Type I serum against 
the corresponding infection, as determined by the injection of in vitro 
prepared mixtures of serum and culture, was definitely lower in mice 
which had received one blocking injection of India ink shortly before 
the test. 

3. Titration of tetanus toxin and antitoxin in blocked and splenec- 
tomized mice gave results identical with those obtained in normal 
mice, if in vitro prepared and incubated toxin-antitoxin mixtures were 
injected. The degree of protection, however, conferred by apreceding 
dose of antitoxin against subsequent intoxication, was markedly lower 
in blocked mice than in normal control animals, this difference 
becoming more pronounced with the increase of the time interval. 
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This investigation was begun with the object of determining the 
relative number of capillaries in normal human hearts as contrasted 
with the number in abnormal hearts from patients who had shown 
clinical signs of cardiac failure. In order to approach the problem 
it was first necessary to establish the size of the capillary bed and the 
distribution of the capillaries in normal hearts. The present paper, 
therefore, deals with the capillaries of the normal myocardium as 
determined by injections through the coronary arteries in man, 
cats and rabbits, and with the methods used in making these injections. 

The coronary vessels have held the attention of numerous investigators for 
the past 3 centuries. Earlier workers studied their distribution by careful tedious 
dissections; and during the last few decades the vessels have been injected and 
outlined with various dyes and masses which have made possible a detailed study 
of the finer branches. Unfortunately, however, the injection masses used in 
most instances have failed to penetrate the capillaries and, as a result, the existing 
knowledge of this important group of vessels is very meagre. The same could be 
said, moreover, of the capillaries elsewhere in the body until the recent studies of 
Dale and Laidlaw (1) and Dale and Richards (2) on the eSect of histamine upon 
the circulation, demonstrated the enormous capacity of the capillary bed. Krogh 
(3) subsequently directed attention to the number and behavior of capillaries 
in skeletal muscle, and, by his brillant investigations, opened a new pathway to 
this extensive but obscure branch of the vascular tree. In 1919, Richards (4, 5) 
made direct observations upon the kidney of a living frog and was able to study 
the behavior of the capillaries in that organ . 

The heart does not permit of direct observation of the circulation in its w alls , 
although Drury and Smith (6) have observed the blood flow in the branch of the 
coronary artery which supplies the first part of the pulmonary' artery in the 
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turtle. Attempts to inject the capillaries of the heart have met with indifferent 
and not altogether uniform results. No effort has been made to determine the 
relative number of capillaries in the heart and very little study has been directed 
to their relationship to the muscle fibres, their anastomoses with one another or 
to their connections with the Thebesian circulation. One worker only, A. V. 
Meigs (7), injected two hearts with Berlin blue and his study led him to the 
conclusions that the capillaries in the heart were much larger than those elsewhere 
in the body and were unique in that they actually pierced and entered the cardiac 
muscle fibres. The sections of heart muscle reproduced in his paper, however, 
show an incomplete injection of the capillaries, and his evidence is not wholly 
convincing. Many other workers have failed to fill the capillaries and Nussbaum 
(8) was led to say that complete injection of the capillaries of the heart was 
impossible. 

Methods. 

Several methods for injecting the capillaries have been employed 
in the course of the present work, some of which have been successful 
in a few instances only, while one method in particular has been 
satisfactory in that it has given a uniformly and constantly complete 
injection of the capillary bed. Both the successful and unsuccessful 
methods will be described, the former in some detail, inasmuch as 
many of the experiments which were regarded as unsuccessful and 
resulted in incomplete injections of capillaries later proved to be of 
considerable value in a study of the Thebesian vessels. 

In selecting materials for the injection it was necessary to choose 
substances that were soluble or, if in suspension, noth particles of such 
diameter that they would enter the capillaries without difficulty. 
The other requirements for the injection material were that it remain 
in the capillaries, show no extravasation and withstand the process 
of fixation, embedding and staining. Berlin blue and India ink 1 
have been employed frequently for injecting blood vessels and in this 
investigation they proved to be the most satisfactory of the various 
substances in suspension. Solutions of diazine green and trypan 
blue were used in some experiments with success, and many other 
dyes were tried but with disappointing results. 

The first observations were made in hearts removed from cats 
after death and the method of making the injections was that which 

1 Either Weber’s or Higgins’ India ink was used. 
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had been commonly employed by most investigators in studying the 
coronary circulation. 

The hearts were kept in the ice bos for 48 hours post mortem in order to allow 
rigor to pass off. In preparation for injection they were perfused with 0.85 per 
cent salt solution until the perfusate came through practically clear and the heart 
appeared to be free from blood. This perfusion was carried out at various pres- 
sures ranging from 40 to 250 mm. Hg and at a temperature of 45°C. In some 
of the experiments the temperature was kept constant at 37°C. After washing 
out the blood with the perfusing fluid, the injection was made at the same tempera- 
ture and pressure. A 2 per cent suspension of Berlin blue or India ink diluted 
with an equal part of distilled water was found to be the most satisfactory injection 
material. Both the saline solution and the injection suspensions were filtered 
before using in all experiments to be described hereafter. It was soon found, 
however, that this method, even when most carefully controlled, failed to inject 
all the capillaries. IVhen the method was applied to human hearts, it proved 
even less efficient, and in many instances very few of the capillaries were filled. 
This failure was due in part to the escape of the dye through the Thebesian 
vessels. 2 

The same procedure was carried out on hearts obtained immediately 
after death with results slightly more encouraging but far from 
satisfactory. 

In some of these experiments potassium sulfocyanate (3 per cent) was perfused 
through the coronary arteries to prevent constriction of the vessels, but this 
addition contributed little or nothing to the success of the method. The results 
were not dependable, for in some hearts scarcely a dozen capillaries per low power 
field were injected, while in others there were areas where many of the capillaries 
were filled. 

After many other methods had been tried, partial success was obtained by 
omitting the washing out of the vessels, and injecting the dye without this prep- 
aration. Kerr and Mettier (9) found this procedure satisfactory in their study 
of the vascularity of the heart valves. The results obtained with this method, 
though better than the first, were not successful in that all the capillaries of the 
myocardium were not filled. A possible explanation of the variation in the 
results of this method was furnished in a series of experiments dealing with the 
Thebesian vessels. In brief, it was found that India ink, injected into the coronary' 
arteries, escaped for the most part (60 to 90 per cent) through the Thebesian vessels 
and the capillaries remained unfilled. If, on the other hand, there was scant flow 
from the Thebesian veins and most of the ink escaped through the coronary sinus 

- The part played by the Thebesian vessels is included in another paper in 
this issue. 
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and veins, the capillaries were apt to be completely or almost completely filled. 
This method, therefore, in some instances, gave beautiful injections, but it was 
not dependable and for this reason it was not adopted as the method of choice 
(see Figs. 1 and 2). 

Attention was next directed to living hearts, and the first series of experiments 
was performed upon cats and rabbits anesthetized with sodium barbital. They 
were carried out in the following manner. 

After complete anesthesia had been obtained, a tracheotomy was done and 
artificial respiration instituted. The lower part of the sternum was removed 
with enough of the ribs to expose the entire pericardial sac. Careful hemostasis 
was practiced and the structures handled as little as possible. Finally, after 
opening the pericardium in such manner as to bring the left auricle and ventricle 
into view, the dye was injected through a needle into the left auricular appendage, 
at a pressure very slightly in excess of that within the auricle. India ink or a 
dye was injected until the heart showed complete injection grossly, and this after 
some practise was determined by the appearance of the heart. If ink were used, 
for instance, the heart became uniformly black only when the capillaries were 
filled. At this point of maximum filling of the vessels some substance, such as 
formalin or alcohol, was injected through the same needle in an effort to stop the 
heart. 

The following protocol, which represents the only successful experi- 
ment by this procedure, is illustrative. 

Experiment Cat 1 . — Weight of cat 3 kilos. May 14, 1924. Anesthesia was 
induced by means of sodium barbital (0.6 gm. per kilo intraperitoneally). Blood 
pressure was then registered by means of a cannula in the carotid artery. The 
chest was opened under artificial respiration and the pericardium incised in such 
a manner that the left auricle and ventricle came fully into view. India ink 
diluted with an equal part of distilled water and at a temperature of 37°C. was then 
injected directly into the left ventricle. As the injection began the aorta was 
damped at the level of the right carotid artery. The pressure used in injecting 
the ink was barely sufficient to cause the ink to enter the ventride against ven- 
tricular pressure. When the heart began to turn black, showing a capillary 
injection, 5 mg. of histamine was injected with the ink. The total amount of 
ink used was 20 cc. and the injection was made at such a rate that the blood 
pressure never rose above the original level. 

At a certain time during the injection the heart turned very black and at this 
point a large damp was placed on the heart in the auriculoventricular groove. 
The vessels at the base were also damped, the heart exdsed and placed in 10 per 
cent formalin with the clamps in place. This heart ceased to beat almost immedi- 
ately after the damp was placed in the auriculoventricular groove. The injection 
grossly appeared to be perfect. 
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The experiment reported, however, together with another similar 
one, Fig. 3, furnishes the only two completely injected hearts obtained 
thus far in intact animals by injections made directly into the heart 
with Berlin blue and India ink. The obvious reason why these were 
successful is that the heart was stopped at the time of the maximum 
injection of the capillaries. In every other experiment attempts to 
bring about instantaneous stoppage were unsuccessful 3 and as a result 
the heart, by continuing to beat, “milked out” the dye from its capil- 
laries. T his phenomenon held true when the injected material was 
a suspension such as India ink or Berlin blue, for in many instances 
small particles of dye or ink adhered to the capillary walls and outlined 
them very faintly. 

The method which finally gave the most satisfactory and almost 
uniformly successful injections was found to be the perfusion of the 
isolated beating heart. The method in brief was carried out in the 
following manner. 

Rabbits or cats were killed instantly by a blow on the head. The heart was 
excised and a cannula tied into the aorta at a sufficient distance from the aortic 
valves to prevent blocking of the openings of the coronary arteries. The per- 
fusion was immediately started at a pressure of 45 cm. of water, the temperature 
being kept at 37°C. The perfusate used was oxygenated Locke-Rosenheim 
solution (10). The chemicals used in the solution were the purest to be obtained 
upon the market. The water used was distilled from sodium hydrate, the entire 
distilling apparatus being made of Pyres glass. All cannula: and apparatus 
employed in the experiment were thoroughly cleaned and finally rinsed with 
the glass-distilled water before using. 

With some practise a heart can be excised and the perfusion started before the 
heart ceases to beat, but even though it stops beating it is well known that it 
will begin to beat almost immediately after the perfusion is under way. The 
method as used will be recognized as a slight modification of the old Langendorfi 
method. 

The rate and strength of beat were measured by means of a spring lever tied 
to the tip of the apex. The coronary flow was collected and measured in a tipping 
bucket which recorded given amounts upon the smoked drum of the kymograph. 
When the experiment thus described was properly carried out, the rate of beat 
and coronary flow soon became constant with a liberal flow through the coronary 

Injection of chloroform, digitoxin and very’ strong currents applied to the 
heart stopped it in violent systole and this pressed the dye or ink from the 
capillaries. 
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vessels. In the event of faulty solution the coronary flow was very scant and the 
heart soon ceased to beat. When the constant flow level had been reached, a 
suspension of Berlin blue, 2 per cent, was injected into the stream near the opening 
of the coronary arteries. If the injection was successful the heart became almost 
instantly a dark blue color, and at tin’s point it was stopped by the injection of 
5 to 10 cc. of glacial acetic acid or formalin (10 per cent) in alcohol (95 per cent) 
into the perfusion fluid. 

Experiment Cat 3 . — February 12, 1926. The cat was killed by a sudden blow 
upon the head, and the heart immediately excised. A cannula was tied into the 
aorta and perfusion with Locke-Rosenheim solution immediately started. The 
perfusion pressure was 45 cm. of water and temperature of the perfusing fluid 
as it reached the heart was 37°C. The Locke-Rosenheim solution was well 
oxygenated. Coronary flow was registered by means of the tipping bucket, and 
after the heart rate and flow became constant a suspension of 2 per cent Berlin 
blue at a temperature of 37°C. was injected into the perfusing fluid near the 
coronary arteries, and the heart immediately became a deep blue, showing com- 
plete capillary injection. This was followed by 10 per cent formalin in 95 per 
cent alcohol, which caused the heart to stop beating. 

Experiment Rabbit 4 . — July 23, 1926. The heart used in this experiment was 
obtained from a rabbit after a procedure similar to that described in Experiment 
Cat 3. A cannula was placed in the aorta and perfusion was started with oxygen- 
ated Locke-Rosenheim solution at a pressure of 45 cm. of water at 37°C. After 
the flow became constant and the rate had become constant, Berlin blue was 
injected, a 2 per cent suspension, into the perfusion fluid. This was followed by 
glacial acetic acid which stopped the heart immediately. The heart became blue 
with the exception of a small spot which seemed to have blocked vessels. It was 
immediately placed in 10 per cent formalin in 95 per cent alcohol for fixation 
(Figs. 4 and 12). 

In view of the complete injection of the capillary bed obtained by 
this method in the hearts of animals, it was applied to human material 
obtained at necropsy. Hearts obtained within 3 or 4 hours post 
mortem began to contract regularly when perfused with oxygenated 
Locke-Rosenheim solution although in some instances the left ventricle 
remained inactive if rigor had set in. 

Experiment Heart 52 . — July 15, 1926. This heart was obtained 2 hours post 
mortem from a boy aged 15 who died of Hodgkin’s disease. In the space of another 
20 minutes perfusion was begun with oxygenated Locke-Rosenheim solution at 
37°C. and 50 cm. of water pressure. In about 5 minutes after the perfusion was 
begun the auricles began to twitch, this was followed immediately by regular beats, 
which in turn were followed by ventricular beats. After 10 minutes or so had 
elapsed the heart was beating normally, ventricular beats following the auricular 
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beats in tegular order. The rate of beat was 62 per minute. The beats gradually 
increased in strength and finally the left ventricle was spurting the solution 
through the aorta with good force. When the flow had become steady a 2 per 
cent suspension of Berlin blue was injected into the perfusing fluid at such speed 
as to replace the perfusing fluid. 

The heart immediately became a deep blue, but the Berlin blue flow was 
maintained for about 3 minutes, during which time the heart beat gradually 
weakened but did not cease. Glacial acetic add was then run into the perfusing 
fluid and this stopped the heart instantly. 

The heart was then sectioned, each section being carefully measured, after 
which they were placed in aqueous formalin for fixation (Figs. 5, 6 and 7) . 

Following such injections, the hearts were sectioned, placed in 10 per cent 
aqueous formalin or 10 per cent formalin in 93 per cent alcohol, for fixation, and, 
finally, after the standard preparation, were embedded in celloidin and sectioned. 
If it was desired to count the number of capillaries per sq. mm., careful measure- 
ments were made of the blocks of tissue before and after fixation in order that 
corrections might be made for the shrinkage during fixation. 4 

Sections of the muscle were stained according to the study to be made. When 
being prepared for counting capillaries per muscle fibre, a van Gieson or lithium 
carmine stain (11) was employed. If counts of capillaries per sq. mm. were to 
be made, the muscle was stained with picric acid, or phloxine for contrast to the 
color of the injection material. 

Method of Counting Capillaries. 

The number of capillaries in the heart muscle has been determined 
in two ways. The total number per sq. mm. of muscle has been 
counted, and the number of capillaries per 1000 muscle fibres has been 
counted. In counting the capillaries by either method sections were 
selected in which the fibres and capillaries were cut transversely. 
The actual counting was then carried out by placing a ruled micro- 
meter field in the eyepiece of the microscope and making the counts 
of the capillaries and fibres by the same method that one uses in 
counting erythrocytes in the ordinary chamber. 

In counting the muscle fibres that had been cut in cross-sections slight diffi- 
culties were encountered because of the branching structure of the fibres. Thus 
a fibre sectioned at the exact point of branching sometimes appeared so that it 

4 All figures in this paper have been corrected for shrinkage. The method for 
counting capillaries per sq. mm. is adopted in order to compare the number found 
in normal hearts with that found in pathological hearts. These studies are now- 
in progress. 
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might have been interpreted either as one or two fibres. Here the personal 
equation entered in. No claim is made that the counting of the fibres was abso- 
lutely accurate, but rules of counting were adopted and followed throughout and 
the fact that different people were able to make practically duplicate counts was 
sufficient to show that this error was not a serious one. 

In each heart, capillary counts were made from numerous places in the walls 
of the ventricles, the auricles, the septum and the papillary muscle. The final 
figures given in the tables represent the average of many counts, and in most 
instances, the average of the results of several counters. In almost every instance, 
a thousand or more capillaries were counted in a given area. The exceptions to 
this, of course, were in making the counts of the auricle, and of the Purkinje fibres 
where no single area could be found that contained as many as a thousand capil- 
laries cut in cross-section. The counts were made in areas that appeared to be 
completely injected, and figures from areas where the injection was obviously 
incomplete are not included. 

The results of counts are shown in Tables I to VII. Table I illus- 
trates variations met with in the counts of capillaries from the same 
heart by different observers. Tables II to TV show the averages of 
all counts by all observers of the number of capillaries per 1000 muscle 
fibres. Tables V to VII show the averages of all counts by all ob- 
servers of the number of capillaries per sq. mm. of heart muscle. 
The variations in numbers of capillaries in the normal heart of man, 
cat and rabbit were very slight — ; so slight indeed that all these hearts 
can be said to have approximately one capillaiy for each muscle 
fibre. 

To say finally that these numbers represent a complete filling of 
every capillary is not possible, but the finding of the same number in 
various hearts of man, cats and rabbits is strong evidence in favor of 
a complete filling of all the capillaries. The even distribution more- 
over, favored total injection for in many instances when injections 
were incomplete the distribution of capillaries was uneven and the 
vacant spaces were easily recognized. 

In all parts of the heart, with the exceptions of the auricular walls 
and the Purkinje system, the capillary supply was practically the same. 
In the auricles, however, the supply was less abundant and the number 
of capillaries per muscle fibre varied considerably (cj. Figs. 5 and 
6). In the thickest part of the auricular wall, where the muscle 
fibres were large, the count approximated in many instances that of 
the ventricle, but the auricular muscle fibres were usually distinctly 



JOSEPH T. 'WEARN 


281 


smaller and of less diameter than those of the ventricle. In such 
areas the number of capillaries per muscle fibre, therefore, was less 
than in the ventricle. Moreover, in the very thin portion of the 
auricular wall the number of capillaries per muscle fibre was distinctly 
less. 


TABLE i. 


Human Heart 52. 


By -whom counted 

Left 

ventricle 

Right 

ventricle 

Septum 

Papillary 

muscle 

Auricle 

Purkinje 

fibres 

^Muscle 

immedi- 

ately 

adjoining 

Purkinje 

fibres 

O. A. 

1000 

1060 

1010 

1160 




s. w. 

828 

1196 

993 

924 




J. T. W. 

1091 

1133 

1040 

1079 


671 

1040 


1108 

1100 

1018 

1083 


476 

1018 


1046 

i 


1058 


595 






1076 


607 




1 




627 








631 


L. Z. 

1004 

1080 

1090 

990 

511 




1050 

1120 

940 

940 

478 




930 

1010 

960 

1009 

459 




930 

1040 

930 

980 

484 




930 

1030 

960 

960 

461 








402 



A. C. E. 

1072 

1054 

10S3 

1104 





1067 

1069 

1074 

1101 





1067 

1072 

1032 

1077 





1060 

1094 

1065 

1061 




Average of all counts 

1013 

1081 

1015 

1040 

466 

601 

1029 


In comparing quantitatively the circulation of the Purkinje system 
to that of ordinary heart muscle, it must be remembered that the 
actual area of the Purkinje system is small and the number of fibres 
counted consequently was much less than the number of ordinary 

fihrpQ rniinfprl * 
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TABLE II. 

Human Hearts. Average of All Counts. 


Number of Capillaries Per 1000 Muscle Fibres. 


Human No. 

Left 

ventricle 

Right 

ventricle 

Septum 

Papillary 

muscle 

Auricle 

Purkinje 

fibres 

Muscle 

immedi- 

ately 

adjoining 

Purkinje 

fibres 

40 

1080 

■811 

950 


550 





■Sail 

1080 


520 






1110 


510 








570 













1123 








1126 








1052 








1070. 








■ 
















1 








1 






52 

1000 


1010 

1160 

511 

671 

1040 


828 

1196 

993 

924 

478 

476 

1018 


1091 

1133 

1040 

1079 

459 

595 



1108 

1100 

1018 

1083 

484 

607 



1046 


1090 

1058 

461 

631 



1004 

1120 

940 

1076 

402 

627 



1050 

■ 

960 

990 





930 

■H 

930 

940 





930 

1030 

960 

1009 





930 

1054 

10S3 

980 





1072 


1074 

960 





1067 

Ktm 

1032 

1104 





1067 

1094 

1065 

1101 





1060 



1077 








1061 




57 

1058 

965 

1092 

1090 

608 




1170 

985 

1131 

1030 

567 




1214 

971 

1090 

1080 

541 




1177 

941 

1046 

■ 

505 




1183 

940 

1068 

Bit™ 

441 




1165 

978 

1082 

1084 

460 




1070 

946 

1071 

1108 





1166 

970 

1038 






1060 


1034 






1120 


1109 

1130 


- 
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TABEE II — Concluded. 


Human No. 

Left 

ventricle 

Right 

ventricle 

Septum 

Papillary 

muscle 

Auricle 

purHnjc 

fibres 

Muscle 

immedi- 

ately 

adjoining 

Purkinje 

fibres 

58 

1024 

1200 

1236 

1060 

493 




1104 

mmm 


1080 

546 




1060 

m 

1143 


508 




1159 

1140 



513 




1135 

1081 



500 




1242 

1133 

1087 

1069 

4S2 




1085 

1140 







1095 








1233 

1072 

1139 






1145 


1127 

1156 




Average of all counts 

1075 

1032 

1071 

1060 

503 

601 

1029 


The main branches of the Purkinje system lie immediately beneath 
the endocardium, and the sections in which the capillaries were 
quantitated were from the papillary muscles or from the septum. 
The Best stain for glycogen was first used to identify the conducting 
system but the hematoxylin so obscured the blue dye in the capillaries 
that it was impossible to count them. Consequently the Best stain 
was modified by Miss Louise J. Zschiesche 5 so that when tissues had 

6 The method was carried out in the following maimer: 

1. Stain the sections lightly with alum-hematoxylin for 10 seconds or longer, 
enough to bring out the nuclei. 

2. Remove and wash in several changes of water. 

3. Stain for 15 to 20 minutes in the following solution as found in Mallory 
and Wright (Mallory, F. B„ and Wright, J. H., Pathological technique, Phila- 


delphia, 8th edition, 1924, 199). 

Stock carmine solution freshly filtered 2 cc. 

Household ammonia 3 cc. 

Methyl alcohol 95 per cent 3 cc . 

Filter. 

4. Differentiate for 5 to 7 minutes in the following solution, changing tl 
fluid two or three times until it remains uncolored : 

Absolute alcohol SO cc 

Methyl alcohol 93 per cent 40 rc 

Distilled water 
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been through the process the capillaries remained clearly visible. 
This stain showed the glycogen as sharply as the Best stain. 

The capillary supply to the Purkinje system was found to be much 
less than that to the heart muscle and the supply decreased rapidly 
as the endocardium was approached (see Figs. 13 and 8). Thus 
the Purkinje fibres lying immediately beneath the endocardium had 
an average of about 600 capillaries per 1000 fibres, while the muscle 
fibres lying more centrally in a papillary muscle averaged in two 
counts, 1029 capillaries per 1000 fibres. This is shown beautifully 
in Fig. 13. In some instances very small clumps of Purkinje fibres, 
made up of ten or twelve fibres, had a blood supply equal to that of 
the muscle — one capillary per fibre — but this finding was an unusual 
one. 

When the entire capillary bed was completely injected, the enormous 
wealth of the heart in capillaries came to light. Practically every 
heart fibre was in direct contact with one capillar}’- while many were 
touched by two or more capillaries. The anastomoses Between the 
capillaries were so numerous indeed that these branchings running 
across the parallel muscle fibres wove a tangled structure of muscle 
and blood vessels so complex that one fibre was often completely 
surrounded by capillaries. The longitudinal sections showed this 
interrelated mesh of fibres and capillaries very strikingly (Figs. 
3 and 4). 

When the tissue was fixed and embedded in such a way that the 
shrinkage caused the fibres to stand out separately it was clear that 
the capillaries lay between and did not actually pierce the muscle 
fibres, but their intimate entwining about the fibres and through the 
forks of branching heart fibres frequently gave the appearance of their 
actually entering the substance of a fibre. 

5. Wash in several changes of 80 per cent alcohol. 

6. Wash in one change of 95 per cent alcohol. 

7. Stain about 30 seconds in 95 per cent alcohol to which a saturated solution 
of picric acid has been added (5 cc. picric acid solution; 50 cc. 95 per cent alcohol). 

The length of time the sections are left in the picric acid and alcohol depends 
on the intensity of the color desired for the cytoplasm. 

8. Wash in several changes of 95 per cent alcohol. 

9. Oil origanum. 

10. Balsam. 
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The long standing controversy over the occurrence of blood vessels 
in the heart valves has received renewed attention in the past few 

table in. 

Cal Hearts. Average of All Counts. 


Number of Capillaries Per 1000 Muscle Fibres. 


Cat No. 

Left 

ventricle 

Right 

ventricle 

Septum 

Papillary 

muscle 

Auricle 

Parkinje 

fibres 

3 

1080 

1048 

1070 

1043 

701 



1035 

1085 

1070 

1029 

490 



1006 

1068 

1008 

1024 

458 



1089 

1072 

1000 

1027 

463 



1058 

1035 

1042 

1056 

486 



1085 

1102 

1057 

1030 

650 



1114 

1046 

1053 ' 

1033 

558 



1074 

1058 

1056 

1044 

509 



1094 

1050 

1066 

1046 




1129 


1051 

1043 



4 

1050 

1002 

1100 

897 

370 



976 

1100 

1037 

970 

490 



1002 

833 

920 

1008 

423 



989 

979 

942 

990 

402 



1023 

940 

971 

1000 

455 



1021 

970 

910 

1061 

358 



1005 

979 

964 

956 

485 



1016 

981 

1000 

957 

462 



978 

947 

971 

1014 

454 



971 






5 

1071 

1073 

1079 

10S4 

608 

638 


1021 

1087 

1115 

1110 

567 



1063 

1071 

1086 

1102 

492 



1073 

1048 

1026 

1096 

686 



1063 

1051 

1064 

1018 

374 



1050 

1048 

1058 

1125 

405 



1106 

1076 

1047 

1048 

456 



1058 

1069 






1061 






Average of all 

1046 

1031 

1029 

1031 

491 

638 

counts 








years and several contributions have been made. Numerous methods 
have been employed to inject the vessels of the valves and the results 
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TABLE IV. 

Rabbit Hearts. A verage of All Counts. 


Number of Capillaries Per 1000 Muscle Fibres. 


Rabbit No. 



Septum 

Papillary 

muscle 

Auricle 

1 

1140 

1143 

1118 

1073 



1114 

1131 


1084 



1070 

1150 

■BixSlI 

1030 



1080 

1200 

1082 

1030 



1030 

1122 

1100 

1040 

461 


1100 

1040 

mSSm 


542 


1140 

1219 


■SB 

604 


1033 

1117 

1117 

■EB 

574 


1121 

1084 

1122 

1103 

649 


1080 

1091 

1108 

1104 

623 


1081 

1107 


nos 



1029 






1126 





2 

112S 

1103 

1160 

1107 

634 


1020 

1100 

1099 

1057 

730 


1038 

1100 

1047 

10S7 

666 


10S6 

1129 

1038 

10S0 

747 


1070 

1060 

1121 

1017 

581 


1094 

1050 

1118 

1170 

463 


1107 

1070 

1093 

1093 

761 


1070 

1000 

1070 

1032 

56S 


1025 

1010 

10S6 

1047 

747 


1097 

990 

1090 

1000 




1128 




3 

1027 

1130 

1049 

1127 

528 


1021 

1084 

1024 

lEiM 

604 


1066 

1192 

104S 


408 


1024 

10S1 

1020 

1044 

429 


1021 

1066 

1017 

1072 

407 


1106 

1020 

1064 

100S 

403 


1021 

1061 

1046 

1046 



1106 

1054 

1075 

1020 



1021 

1049 

1068 

1065 



1069 

1064 

1120 

1008 



1035 




• 


1036 












TABLE IV — Concluded. 


Rabbit No. 

Left ventricle 

Right ventricle 

Septum 

Papillary 

muscle 

Auricle 

4 

1130 


1082 

1150 

666 


1098 


1077 


436 


1010 

1009 

1092 

SSI 

385 


1070 

1051 

1038 

19 

394 


1080 

1050 

1056 

1063 

463 


1041 

1014 

1070 

1049 

413 


1019 

1029 

1092 

1024 

511 


1028 

1019 

1060 

1009 




1030 

: 1031 

1016 





1100 



5 

1223 

1039 

1224 

1135 

597 


1100 

1057 

1037 

1104 

414 


1095 

1064 

1044 

1050 

506 


1122 

1041 

1044 

1091 

590 


1087 

1030 

1081 

1090 

511 


1047 

1043 

1053 

1070 

477 


1038 

1020 

1068 

1008 



1022 

1035 

1038 

1022 



1060 

1019 

1059 

1046 



1048 

1054 

1105 

1041 


Average of all 

1071 

1072 

1075 

1044 

520 

counts 







TABLE V. 

Human Hearts. Average of All Counts. 


Capillaries Per Sq. Mm. 


Human No. 

Left 

ventricle 

Paght 

ventricle 

Septum 

Papillary 

muscle 

Purkinje 

fibres 

Muscle 
immediately 
zd joining 
Purkinje 
fibres 

52 

5852 

5330 

4480 

4600 

2360 

4920 


5674 

5824 

4427 

4960 

1800 

5400 


5720 

6023 


5600 

1524 



5808 

5416 


4640 

2176 



3674 

1 5590 


5464 

2840 



5632 

5893 


5240 

2880 



5776 



5600 







5360 







5600 







4920 







5400 



Average of all 

5734 

5679 

4453 

5216 

2263 

5160 

counts 
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TABLE VI. 


Cal Hearts . Average of All Sq. Mm. Counts. 


Cat No. 

Left 

ventricle 

1 

Right 

ventricle 

Septum 

Papillary 
muscle j 

Auricle 

Purkinje 

fibres 

Muscle 

immedi- 

ately 

adjoining 

Purkinje 

fibres 

5 


4668 

4676 

4S00 

3204 

1802 

4340 



! 4015 

3181 

3240 

3131 




3040 

4316 

3040 

3080 





440S 

4216 

4480 

4436 





4424 

3857 

4340 

4340 


■ 



4224 

3997 






Average of all counts 

40S9 

4178 

3943 

3979 

3167 

1802 

4340 


TABLE VII. 


Rabbit Hearts. Average of All Sq. Mm. Counts. 


Rabbit No. 

Left ventricle 

Right ventricle 

Septum 

Papillary muscle 

3 

6336 

5676 

■ 

5413 


6292 

5806 


5600 


6248 

5763 

U : 

6393 


5896 

5720 

4000 

5413 


5764 

6196 

4000 

7000 


5896 

6673 

4064 

5693 


5852 

6933 

4064 

5413 

4 

5720 

6504 

7100 

5600 


5490 

6461 

64S0 

6461 


5320 

6030 

6800 

5240 


5120 

5772 

6100 

64S0 


5160 

6076 

6300 

5480 


5400 

5987 

6600 

56 SO 


4960 

5S15 

7150 

5400 





5680 





5960 

Average of all counts 

5674 

6101 

5351 

5806 


obtained have been very variable. No one has found the vessels 
constantly present in all valves and this is about the only point upon 
which all workers seem to agree. 
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Bayne-Jones (12), Kugel and Gross (13) and Kerr and Mettier (9) have helped 
to bring order from the mass of contradictory evidence, by demonstrating clearly 
the presence of vessels in many valves. The difference in the methods of injection 
used in the past probably accounts for the conflicting claims made. Kugel and 
Gross have used a method which injects only the finer arterioles as they rvere not 
interested in the capillaries. These workers have found the vessels to be in- 
constant but present in many valves. Kerr and Mettier, on the other hand, have 
made beautiful injections of the capillaries in the heart valves of pigs. 

Before any final verdict can be rendered upon the subject a suffi- 
ciently large number of hearts must be studied in order to establish the 
average occurrence. By injecting the beating heart it has been 
possible to demonstrate vessels in the auriculoventricular valves in 
many instances, and in the semilunar valves in a few instances, 
and the distribution of the vessels showed the injection to be 
complete (Fig. 9). Instead of ending blindly in the valve the 
capillaries could be seen to go down onto the leaflet of the valve, make 
an unbroken loop and return to anastomose with the vessels at the 
base of the valve. Similarly the vessels in the papillary muscles ran 
up to the chorda; tendinem, looped over and returned toward the base 
of the muscle. In rare instances the vessels ran through the chords 
tendinese to anastomose with the capillaries on the free portion of 
the valve (Fig. 10). 

It was also true, on the other hand, that in other perfectly injected 
hearts in which the muscle capillaries and vessels at the bases of the 
valves were completely filled,- the valves showed no vascularity. 
These valves when cleared showed beautifully injected intact capil- 
lary loops at their bases, but none of the capillaries ran down upon 
the valve proper. 

In view of the fact that the first part of the aorta receives a blood 
supply from a branch of the coronary artery, it was not surprising to 
find its wall well filled with capillaries (Fig. 11). The parallel course 
of the arteries and veins in the aortic wall is very striking and char- 
acteristic of the vasa vasorum in the wall of this vessel. This rich 
blood supply in the general region where aortitis is most common may 
be of important clinical significance. 
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SUMMARY. 

By means of injections made into the coronary arteries of beating 
hearts it has been possible to determine the number of capillaries 
in the normal heart muscle. This study has shown a very rich blood 
supply with an average of approximately one capillary for each muscle 
fibre in the ventricular walls and papillary muscles, and a less abundant 
supply in the auricular muscle and Purkinje system. The number 
of capillaries per sq. mm. of ventricular wall or papillary muscle is 
about twice that found by Krogh in skeletal muscle. Capillaries 
were not found constantly in the valves of hearts in which there was 
apparently a complete injection of the capillary bed. The method 
described for injecting the capillaries of the heart also provides a 
means of studying the blood supply to the muscle, valves and aortic 
wall in pathological hearts. 

We wish to express our appreciation to Misses Sylvia Warren 
and Olivia Ames, and to Dr. A. C. Ernstene for their assistance in 
making many of the capillary counts shown in the tables. 

BIBLIOGRAPHY. 

1. Dale, H. H., and Laldlaw, P. P., J. Physiol., 1918-19, lii, 355. 

2. Dale, H. H., and Richards, A. N., J. Physiol., 1918-19, lii, 110. 

3. Krogh, A., The anatomy and physiology of capillaries, New Haven, 1922. 

4. Richards, A. N., The Harvey Lectures, 1920-21, 163; Am. J. Med. Sc., 1922, 

clxiii, 1. 

5. Richards, A. N., and Schmidt, C. F., Am. J. Physiol., 1922, lix, 489; 1924, 

bad, 178. 

6. Drury, A. N., and Smith, F. M., Heart, 1924, xi, 71. 

7. Meigs, A. V., J. Anat. and Physiol., 1899, xxxiii, 243. 

8. Nussbaum, A., Arch. mikr. Anal., 1912, Lxxx, 450. 

9. Kerr, W. J., and Mettier, S. R., Am. Heart J., 1925-26, i, 96. 

10. Locke, F. S., and Rosenheim, O., J. Physiol., 1907-08, xxxvi, 205. 

11. Mallory, F. B., and Wright, J. H., Pathological technique, Philadelphia, Sth 

edition, 1924, 98,119, 199. 

12. Bayne-jones, s,, Am. J. Anat., 191 7, xxi, 449. 

13. Kugel, M. A., and Gross, L., Am. Heart J., '1925-26, i, 304. 



JOSEPH T. "WEARls 


291 


explanation of plates. 

Plate 13. 

Pig. 1. 500 diameters. Human. Heart 57. Ventricle. Good injections of 
capillaries made 48 hours post mortem. The injection was made through the 
veins without previous washing out of the vessels. 

Fig. 2. 500 diameters. Human Heart 57. Ventricle. An incompletely 
injected area from a point near that shown in Fig. 1 . 

Fig. 3. 700 diameters. Cat 2. Ventricle. Longitudinal section of capillaries 
showing numerous anastomoses. 

Fig. 4. 500 diameters. Rabbit 4. Papillary muscle. Cross-section of 

capillaries showing a field similar to thatinFig. 12. 

Fig. 5. 500 diameters. Human Heart 52. Shows irregular and less abundant 
circulation of the auricle. Compare with Fig. 6. 

Plate 14. 

Fig. 6. 500 diameters. Human Heart 52. Longitudinal section of ventricle 
showing several anastomoses of capillaries. 

Fig. 7. 500 diameters. Human Heart 52. Ventricle showing cross-section of 
muscle fibres and capillaries. 

Fig. 8. Approximately 150 diameters. Human Heart 52. Papillary muscle 
showing Purkinje fibres at the upper edge of the section. Note the poorer 
supply of capillaries in the Purkinje tissue when contrasted with the adjoining 
muscle. 

Plate 15. 

Fig. 9. Human Heart 37. Cleared mitral valve, aortic cusp, showing clumps 
of capillaries in the valve. Note that the capillaries do not end blindly, but 
anastomose by loops with others nearby. 

Fig. 10. Human Heart 37. Mitral valve showing anastomoses of v ess els in 
chorda tendinea at the lower part of the plate with vessels on the free portion of 
the valve. 

Fig. 11. Human Heart 52. Cleared section of aortic wall 1 cm. from the 
aortic valves. 

Plate 16. 

Fig. 12. Ventricle of Rabbit 4. Lithium carmine stain, showing red nuclei 
and red muscle fibres. The capillaries are filled with Berlin blue. This stain was 
employed to differentiate capillaries and cell nuclei, in the sections in which the 
capillaries were counted. This prevented confusion of nuclei and capillaries, 
and differentiated more clearly the single muscle fibre. ' 

Fig. 13. Human Heart 52. Papillary muscle. Zschiesche modification of 
Best’s stain. Capillaries are blue, Purkinje fibres are red and the or dinar y heart 
muscle fibres arc yellow. This plate shows much more dearlv than Fig. S the 
difference in blood supply to the heart muscle and the Purkinje system. 
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THE ROLE OF THE THEBESIAN VESSELS IN THE 
CIRCULATION OF THE HEART. 


By JOSEPH T. WEARN, M.D. 

( From the Thorndike Memorial Laboratory of the Boston City Hospital, and the 
Department of Medicine, Harvard Medical School, Boston .) 

Plates 17 «n> 18. 

(Received for publication, September 9, 1927.) 

Interest in the coronary circulation and blood vessels of the heart 
was very keen among the anatomists and physicians in the early part 
of the 18th century. They had begun to study the distribution of 
the coronary vessels and as a result of their dissections to construct 
theories of their function. Perfusion experiments were also carried 
out on human hearts obtained at necropsies and rapid advances were 
made in the knowledge of the coronary circulation. Text-books and 
anatomical works of the day devoted much space to the subject and 
clinicians began to correlate the postmortem with the clinical findings. 
The belief that special substances other than blood circulated in the 
blood vessels had begun to disappear. 

This interest in the circulation of the heart walls was given a fresh 
stimulus by the publications of Raymond Vieussens in 1706 and by 
those of Adam Christian Thebesius 2 years later. Their discoveries 
of the channels connecting the coronary vessels directly with the cham- 
bers of the auricles and ventricles, introduced into the scheme of the 
circulation of the heart the vessels which are now generally known as 
Thebesian veins. In more recent times these vessels have received 
very little attention or study. Indeed, little is known of their ana- 
tomical relationships and no exact knowledge of the part they play in 
the coronary circulation exists. The importance, however, of a 
group of vessels which plays a part in the circulation of the heart itself, 
is obvious. It is the purpose of this paper to describe the previous 
work on the Thebesian vessels and their supposed functions and in 
addition, to present some observations made during the past 3 years 
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upon the relationship of these veins to the coronary arteries and upon 
some of their functions. 


LITERATURE. 

In 1706 Raymond Vieussens (1) published the results of a series of experiments 
■which he had carried out upon human hearts after death together with others 
on beef and sheep hearts. In these experiments Vieussens ligated the vena cava 
above and below the right auricle of the heart and next ligated the pulmonary 
veins. Having thus blocked these outlets he injected a solution of safranine in 
alcohol into the coronary arteries. After the safranine had filled the tissues of 
the heart, he observed that it ran out, not only through the coronary sinus into 
the right auricle, but — and this is the point of the experiment — it also escaped 
directly into the cavities of the heart by way of small ducts in the walls of the 
auricles and ventricles. These openings he termed “ducti camosi.” He found a 
considerable number of them on the interior surfaces of the heart and after an 
extensive study concluded that they were continuous with the coronary arteries. 

In 1708 Thebesius (2) published his description of the numerous openings for 
the venous blood in the auricles and ventricles. He identified the openings by 
injecting the water into the coronary sinus and observing its escape into the 
chambers. The same results were obtained by injecting air into the coronary 
veins, and on still other occasions he employed colored liquids mixed with wax and 
glue. Thebesius raised the question as to why the Creator had placed these small 
veins in the walls of the heart, and then very obligingly answered it by saying that 
they made possible a continuous blood flow in the heart by serving as an exit at 
the beginning of systole. After thus answering the question so satisfactorily to 
himself, he gave due credit and much praise to the Creator for being so foresighted 
as to anticipate the need and usefulness of these little vessels. Thebesius also 
stated that while he was writing his paper he was shown the report of Vieussens’ 
experiments. Despite the fact, therefore, that the vessels bear the name of The- 
besius, it is to Raymond Vieussens that credit for their discovery should go. He 
reported his findings first, but of even greater importance was his method of 
injection, namely, through the arteries. Thebesius injected the veins and both 
men described the same openings. 

Philip Verheyen (3) in 1712 reviewed the work of Vieussens and repeated some 
of his experiments. He conceded that the experiments were very unusual, but 
added that Vieussens, like other great men, had drawn too many conclusions from 
them. Verheyen confirmed the presence of the openings in the walls of the heart 
cavities, but explained them as openings of coronary veins and denied rather 
emphatically that they were special ducts. Neither his experiments nor his argu- 
ments in favor of his claims were very convincing. 

In 1715 Vieussens published a book (4) in which he confirmed his former dis- 
covery of the common openings and spoke of their distribution and function. It 
was in this delightful publication that he described in detail stenosis of the mitral 
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valve and the clinical and necropsy findings in a patient with insufficiency of the 
aortic valve. 

Lancisi (5) repeated the experiments and confirmed the results of Thebesius. 
His explanation of the raison d’etre of the Thebesian system is interesting even if 
jjot based upon experiment. Assuming that the heart beat was started by the 
rush of blood into the heart muscle, he thought a rapid and simultaneous emptying 
necessary in all parts of the heart. In the parts most distant from the right 
auricle the necessary exits were supplied by the Thebesian vessels, and by this 
means, he said all parts could be emptied simultaneously and as a result all parts 
could be filled instantly. 

Senac is quoted (6) as saying that injections of air, mercury or tallow pass into 
the ventricles of the heart directly and enter these cavities equally well whether 
poured into the coronary artery or coronary vein. Langer (7), Bochdalek (8) 
and many others have admitted the presence of these vessels and studied their 
distribution in the walls of the four chambers. Nussbaum (9) also studied the 
numbers and sites of the openings but concluded that they existed only in the 
auricles. 

On the other side of the question, however, are arrayed Cruveilhier (10) and 
Theile (11) who denied that such vessels existed. In reading their views one is led 
to believe that they are opinions only, and not based upon original observation. 
Lannelongue (12) too, denied that the small openings in the heart walls were con- 
nected with the arteries and veins. He maintained that they were merely con- 
tinuations of the numerous small canals that ran behind the plexus of pillars in the 
walls of the ventricles. 

Haller has been quoted by several writers as denying the existence of Thebesian 
vessels but in one of his writings (13) he spoke of their presence and stated that 
their function was to return the blood of those deep seated coronary arteries which 
were unaccompanied by veins. 

In more recent years Pratt (14) has demonstrated that an isolated cat heart 
can be kept beating for an hour by the perfusion of defibrinated blood through 
the Thebesian vessels. He believed the Thebesian veins were connected directly 
with the coronary veins and indirectly with the arteries through the capillaries. 
Pratt, moreover, explained the lack of infarcts in markedly sclerosed hearts by the 
presence of the Thebesian circulation. 

The cmbryological development of the Thebesian veins has not been studied 
exhaustively but the few papers that exist indicate that these vessels are the re- 
mains of the primitive intertrabecular circulation of the embryo. Minot (15) 
found that the trabecular of the heart were made up in their earliest stage of young 
heart muscle cells covered with endothelium, but without capillaries of their own. 
It was his belief that the "sinusoidal” circulation of the embryonic heart was 
sufficient to nourish the trabecular muscle. Lewis (16) confirmed the work of 
Minot and followed the development of the sinusoids of the heart in the torpedo 
and rabbit and believed them to be the vessels that survive to some extent in the 
adult hearts, as the Thebesian veins. 
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Grant (17) has found that in the beginning the sinusoids were not connected 
with the co ronaiy system, but grew into them at a later stage, as the coronary 
veins grew and branched in the myocardium. He (18) also described an anomaly 
of a child’s heart in the ventricular muscle of which were large blood-filled spaces, 
communicating freely with the cavity of the ventricle as well as with the coronary 
vessels. They were interpreted as a persistence of the sinusoidal spaces of the 
embryonic heart. 

In the hearts of certain fishes, turtles and frogs, the sinusoids persist in adult 
life, and it is through them that the inner surface of the heart wall is nourished. 
No capillaries have been found in the spongy surface supplied by the intertrabecu- 
lar circulation. 


Methods. 

The observations which stimulated the work to be reported upon 
in this paper, were made during attempts to inject the capillaries of a 


TABLE I. 
Human Heart 17. 



1st ; 

measurement 

2nd 

measurement 

Outflow from pulmonary artery 

cc. 

70 

CC. 

73 

Outflow from aorta 

190 

190 

Outflow from coronary sinus and veins 

28 

26 

Leaks from cut edges of heart 

60 

52 



human heart. The method which was employed for the injection 
was as follows: 

About 48 hours after death a human heart was washed free of blood by perfusing 
salt solution (0.85 per cent) through the coronary arteries at a pressure of 160 
mm. Hg. When the perfusate began to escape it was noted that the greater 
part of it ran out of the aorta and pulmonary artery and very little flowed from the 
coronary sinus. This observation was so startling that steps were taken imme- 
diately to measure the outflow from heart cavities and from the coronary sinus 
and other great veins. Glass cannulas were introduced into the aorta and pul- 
monary artery in such manner that their ends extended well into the chambers 
of the ventricles. The coronary sinus and the posterior middle vein were also 
cannulated. At times several of the great veins emptied directly into the right 
auricle near the opening of the coronary sinus and just outside the valve of Vieus- 
sens. Whenever possible these veins were cannulated and the flow from them was 
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recorded. The coronary arteries were then perfused for 1 minute with normal 
salt solution at a pressure of 160 mm. Hg, and the perfusate was collected as it 
escaped from the various sources, and measured. 

The results of such an experiment are shown in Table I. 

Perfusion of salt solution (0.85 per cent) through the coronary ar- 
teries for 1 minute at 160 mm. Hg pressure. 

Such results as those shown in Table I stimulated further study, 
and the experiment was repeated with the hearts obtained from a 
number of necropsies. Some of these were normal hearts, others were 
hypertrophied, while still others showed marked sclerosis of then- 
vessels. The results of these experiments confirmed the findings in 
the earlier one (see Table II) namely, that 60-90 per cent of the coron- 
ary flow escaped through the Thebesian vessels directly into the cham- 
bers of the heart. 

The possibility of rupture of some of the larger coronary vessels 
directly into the chambers or transudation of the salt solution into the 
cavities from the vessels was thought of as an explanation of the small 
amount of flow from the veins. Direct inspection, however, of the 
inner walls of the heart during perfusion with India ink showed the ink 
escaping only from the Thebesian vessels. Moreover, when the hearts 
were sectioned later, careful search failed to reveal any extravasation 
of the ink whatsoever. Further confirmation of the Thebesian vessels 
as the only source of the outflow from the chambers was furnished by 
perfusing with a suspension of gum acacia (6 per cent) in salt solution. 
This substance behaved in a manner similar to the saline perfusion, 
except that, as was to be expected, it ran more slowly (see Table H, 
Heart 43). 

In several experiments agar and celloidin colored with dyes were per- 
fused through the coronary arteries, and during the perfusion cold 
water or ice was introduced into the ventricles to harden these sub- 
stances in situ. Subsequent sectioning of these hearts revealed small 
plugs of the injection mass protruding from the Thebesian openings. 
In one of the hearts in which celloidin was used as the injection mass 
seventeen openings of Thebesian vessels were found in the left ventri- 
cle with plugs of celloidin protruding from them (Fig. 1). The injec- 
tion pressure used was 220 rom. of mercury and the mass was so thick 
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that it did not enter the capillaries. Indeed, only the larger vessels 
were injected. No openings were found in the auricles and only two 
were found in the right ventricle. These experiments, therefore, con- 
firm the previous ones (Table II) for here again the capillaries were not 
filled. Finally microscopic examination of sections from numerous 
parts of the hearts showed that the dyes and injection material had 
remained within the walls of the vessels. 

Crainicianu' (19), in perfusing hearts, noted this large escape from the ventricles 
but did not pursue it further. In 1913 Starling and Evans (20) during a study of 
the metabolism of the heart and lungs noted that about 40 per cent of the coronary 
blood did not return via the coronary sinus. They did not state, however, whether 
they took into consideration the other great veins which empty directly into the 
right auricle or the Thebesian how to the left auricle and ventricle. 

On gross inspection of the hearts used in the experiments of Table II 
it was obvious that the injection was uneven and incomplete. The 
larger vessels were well filled with ink or dye, but for the most part the 
heart was not colored by the injection material. Sections from num- 
erous points in the walls of all the chambers were prepared and a care- 
ful microscopic study of these brought out the surprising fact that in 
most instances scarcely any of the capillaries were injected. The 
large arteries and veins were everywhere well filled or stained with the 
injection mass, but in the great majority of the microscopic fields 
very few if any capillaries could be found (Fig. 2). In certain fields 
small groups of capillaries were filled, but in no instance in the study of 
fifty human hearts was the capillary bed entirely injected. Even in 
the hearts in which some of the capillaries were injected they were so 
few in number that it was obviously impossible for them to take care 
of the profuse flow from the arteries into the cavities of the auricles and 
ventricles. In two hearts there was a scant flow through the The- 
besian vessels, and in these several areas showed almost completely 
filled capillaries. The injection, however, was uneven and several 
large spots in the walls remained uninjected. 

Here then is evidence that a direct connection exists between the 
coronary arteries and the chambers of the heart. The fact that so 
great a flow between the two can take place without going through the 
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capillaries shows the connecting channels to be of considerable size. 
The nature of this connection has not been definitely determined. It 
may possibly be a direct one from artery to Thebesian vessel, or more 
probably it may go from an artery into a large vein and thence into the 
heart cavity. Two of the smaller Thebesian vessels have been traced 
by serial sections, and their branchings studied. For convenience the 
smaller papillary muscles were selected because in so small a structure 
the course of the vessel would necessarily be a short one. In the two 
vessels so studied large venous branches were given ofi immediately 
beneath the endocardium and these branches divided immediately 
into venules and capillaries as illustrated in Fig. 3. Some of the The- 
besian veins, therefore, drain the capillaries. This outlet for the 
capillary blood obviates the longer route of return through the veins to 
the coronary sinus and right auricle. The study has not progressed 
far enough to determine the relative number of Thebesian veins that 
drain capillaries as compared to those that connect directly with larger 
veins or through them with arteries. It is clear, however, that 
three types of connections exist, (1) the direct connection between the 
arteries and the Thebesian vessels, as shown by the celloidin injections, 
(2) the venous connection with the Thebesian vessels and (3) the 
capillaries which run directly into the Thebesian vessels. 

The distribution of the Thebesian openings varied greatly but they 
were usually most numerous in the walls of the ventricles, in the 
pocket of the apex and in and around the bases of the papillary muscles. 
In the hearts studied there were relatively few openings into the auri- 
cles, and in two instances it was not possible to demonstrate any 
openings at all in either auricle. This was determined by measuring 
the flow from each chamber separately. The following protocol is 
illustrative. 


Protocol. 

11 carl 47. — Male. Age 82. Chronic myocarditis with heart failure. A human 
heart, 24 hours post mortem, had cannula: placed in the pulmonary' arterv, the 
coronary sinus and posterior middle vein, in the aorta and in the coronary arteries. 
The mitral valve was sewed together very tightly, as was also the tricuspid valve, 
in such fashion that they were water tight. A cannula was then sewed into each 
auricle. Following this, the coronary arteries were perfused at a pressure of 150 



302 


THEBESIAN VESSELS IN HEART CIRCULATION 


mm. of mercury, and flows from the various chambers were recorded for 1 minute 
periods. They were as follows : 



1st measurement 

2nd measurement 

Pulmonary artery 

cc. 

300 

210 

CC. 

289 

Aorta 

200 

Coronary sinus and vein 

35 

0 

30 

Right auricle 

0 

Left auricle 

0 

0 

Leaks 

125 

120 



Following these measurements Berlin blue was injected into the coronary 
arteries at a pressure of 150 mm., and simultaneously carmine solution was injected 
through the coronary sinus and the posterior middle vein. The injection pressure 
continued for a few minutes following which the heart was opened and examined. 
It was interesting to note that most of the blue had emerged near the apex in each 
ventricle. The red was not so well localized. Neither red nor blue appeared in 
the auricles. 

The number and size of Thebesian vessels in the various chambers 
also varied greatly. At times the flow was much greater from the 
right side while at others greater from the left, but the average from all 
the hearts showed a slightly greater flow from the right. The differ- 
ence, however, was not significant. 

Changing the perfusion pressure did not change the relative pro- 
portion of flow from the two sides of the heart, but did affect the rate 
of flow. Nor did the temperature of the heart influence the flow, for 
perfusions were carried out at various temperatures without effect 
upon the amount. It might be stated, however, that with few ex- 
ceptions all the hearts were kept from 24-48 hours in the ice box, and 
then gently massaged and brought to a temperature of 45°C. before 
being perfused. 

Attempts to inject the capillaries of a heart while in rigor mortis 
met with no better success. Nor did the use of this method with 
fresh warm hearts obtained soon after death give any better results. 
In still other hearts potassium sulfocyanate (10 per cent) was perfused 
through the vessels for 1 hour before they were injected with dye, as 
this procedure had been found to relax the greater vessels (21). These 
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hearts showed no better injections of the capillaries than did the others 
injected by the same method, in the absence of potassium sulfocyanate. 

Vieussens, in his studies of the ducts opening into the heart cham- 
bers, made his injections into the coronary arteries, while Thebesius 
introduced his blowpipe into the coronary vein and observed the 
bubbles escaping into the immersed chambers. In this study the 
experiments of both Vieussens and Thebesius have been confirmed. 
Moreover, when perfusion was carried out through the coronary sinus 
at pressures ranging from 50-150 mm. Hg, almost all of the perfusate 
ran out through the Thebesian vessels, and in only a few instances did 
a few drops escape through the coronary arteries. This result was 
obtained when saline, acacia, agar and gelatin were used. Again in 
these hearts the capillaries were not injected, thus showing that the 
perfusate must have escaped by a more direct and larger communica- 
tion between the veins and the Thebesian vessels, without having 
passed through the capillaries. 

Perfusion was next carried out through the Thebesian vessels. Can- 
nulae were introduced into both coronary arteries, the coronary sinus 
and the other great veins which did not empty into the coronary sinus. 
All other outlets to the chambers were then carefully tied off after the 
chambers had been filled with 2 per cent Berlin blue in salt solution. 
Compressing the heart caused most of the fluid to run out of the veins, 
a few drops only escaping through the arteries. Histological sections 
of these hearts also showed little dye in the capillaries. The veins and 
a few arteries, however, were filled with dye. 

These experiments have shown the existence of connections (1) 
between the arteries and Thebesian vessels and (2) between the veins 
and Thebesian vessels. In neither instance is the junction made 
through the capillaries alone. Before discussing the function of these 
channels it will be of interest to report the results of further experi- 
ments. 

It will be noted that in all the experiments just described capillaries 
were rarely filled with the perfusing dye, and in no instance was more 
than a small fraction of the total number of capillaries injected. This 
held true even in the hearts where perfusion pressures were raised 
sufficiently to rupture the arteries. 

It was routine practise in these experiments to wash the hearts free 
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of blood by perfusing them with saline before adding the dye to the 
perfusate. This procedure invariably distended the walls and dilated 
the chambers of the non-elastic dead heart. The mere perfusion 
distended it gradually and the fluid escaping from the Thebesian 
vessels stretched the walls as the cavities filled. Heyde (22) had 
shown that slight dilatation of the heart walls resulted in a slowing of 
capillary flow. These experiments confirmed that finding and failed 
to Jill the capillaries while the heart walls were stretched. 

In view of these findings the dye was introduced directly without 
previous washing out with salt solution in the manner described in the 
following experiment. 


Protocol. 

Heart 44 . — This heart was obtained 2 hours post mortem and was still warm. 
Cannula; were placed in the coronary arteries as quickly as possible and the heart, 
while the chambers were still collapsed and there was no stretching whatever, 
was injected with India ink diluted with an equal part of distilled water, heated to 
45° at a pressure of 220 mm. of mercury. 

The whole heart and aorta immediately became very black and the injection 
appeared excellent. Special care was taken to get the injection material in at a 
high pressure suddenly, to avoid distention of the walls of the heart. This is 
distinctly in contrast to the earlier human heart injections where the hearts were 
first perfused with salt solution in order to wash out the blood, and in which 
procedure the chambers were greatly distended. Later perfusion of hearts so 
injected with dye or ink invariably injected the Thebesian system and very few 
capillaries. 

In this experiment and in all others carried out in the same manner a 
large number of the capillaries was injected, sometimes as many as 
65 to S5 per cent of the total number. In several instances the injec- 
tion was practically complete in certain areas of the muscle while in 
other parts the capillaries were only partially filled. It is of great 
import that the flow from the Thebesian vessels was very small in 
the hearts that showed such good capillary injection. In the earlier 
experiments where the coronary arteries were perfused with salt solu- 
tion before the dye was introduced, it was noted that the capillaries 
were free from blood shortly after the perfusion was begun. The color 
of muscle changed from red to pale pink. Hence, when the dye or 
ink was injected without previous perfusion, it ran into the capillaries 
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until the heart became distended and then escaped through the The- 
besian vessels into the cavities. This seemed the most plausible 
explanation of the results obtained. On this basis, therefore, the next 
step in the investigation was clearly indicated, namely, to study the 
flow from the Thebesian vessels in a beating heart. Consequently, 
human hearts obtained within 2 or 3 hours post mortem were perfused 
with oxygenated Locke-Rosenheim (23) solution. Usually they began 
to beat within a few minutes after the perfusion was started. The 
following experiment illustrates the method used. 

Eearl 52 . — July 15, 1926. This heart was obtained 2 hours post mortem from 
the autopsy of boy, age 15, who died from Hodgkin’s disease. Heart normal in 
size. Both coronary arteries were cannulated and a large cannula was tied into 
the coronary sinus. During this preparation the heart was kept at 37°C. in salt 
solution. 2 hours and 30 minutes postmortem perfusion of the coronary arteries 
was started with osygenated Locke-Rosenheim solution. The temperature 
of the perfusion fluid was constant at 37°C. and the perfusion pressure was kept 
at 50-55 cm. of water. Within 5 minutes the auricles began to show very feeble 
beats and these were followed immediately by beats of both ventricles. A small 
dose of adrenalin (0.1 cc. of 1:1000) was injected very' slowly into the perfusing 
fluid, and following this the auricles and ventricles began to beat strongly and 
normally, so that large spurts of fluid were forced from the aorta and the pulmonary 
artery. The rhythm became regular and the rate became constant at 62 beats 
per minute. The following flows were then recorded for 1 minute intervals. 

After these flows were recorded a suspension of Berlin blue (2 per cent) in salt 
solution was injected into the perfusion cannuks in the coronary' arteries at sufS- 
cient rate to replace the Locke-Rosenheim solution. The pressure remained 
at 50 cm. water. The heart immediately turned to a deep blue color and glacial 
acetic acid was run into the coronary arteries. The acid stopped the heart beats 
instantly. 

Similar results were obtained in another experiment, the single 
difference being that the left ventricle remained in systole and did not 
beat while the other three chambers were beating regularly. The out- 
flow was measured during 1 minute before and after the heart began 
to beat. 

Perfusion of the coronary' arteries with Locke-Rosenheim solution 
at 50 cm. water pressure 37°C. 3 hours post mortem. The first flow 
was recorded before the heart began to beat. In this heart the left 
ventricle did not beat. 
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When the figures of Tables III and IV are contrasted with those in 
Tables I and II, the large outflow from the coronary sinus in Tables 
III and IV is very impressive, and all the more so when it is realized 
that the outflow from the other great veins not only was not included 
■under the flow from the coronary sinus but was added to the ventric- 
ular outflow. In many of the experiments on dead hearts the out- 
flow from the other great veins of the heart equalled that of the 
coronary sinus. The second column of figures, therefore, contains 


TABLE III. 
Heart 52. 



From the j 

coronary sinus 

i 

From the other 
veins, Thebesian 
vessels and leaks 

Heart rate 
per min. 



cc. 


1st measurement 


295 

62 

2nd measurement 

n 

225 

62 


TABLE IV. 

Heart. 41. Male. Age 75. Death from Lobar Pneumonia. Heart Normal for A gc. 



From the | 

coronary sinus 

Front the other 
veins, Thebesian 
vessels and leaks 

Heart rate 
per min. 


cc. 

CC. 


1st measurement 

205 

3 60 

Not beating 

2nd measurement 

215 

330 

86 

3rd measurement 

125 

195 

100 


part of the venous outflow as well as the Thebesian flow and that part 
of the perfusate which escaped by leaking from the cut edges. This 
last source alone — the leaks — averaged much more in Table II than 
the flow from the coronary sinus and the veins. Of equal importance, 
too, in this heart was a fact brought out upon microscopic study of the 
sections from all parts of the muscle. The capillaries were completely 
and evenly injected (Fig. 4). Thus, in a beating heart, in the absence 
of dilatation, the capillaries were filled and the Thebesian flow was 
greatly diminished. The left ventricle which did not beat, was in 
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rigor and its capillaries -were very imperfectly injected in contrast to 
those of the other chambers -which were beating. 

The results of these experiments were confirmed by another which 
differed only in the fact that flows were recorded before and after the 
heart began to beat. The protocol follows. 

Human Heart 53 .—' Weight 300 gm. Male. Age 52. Death from pernicious 
anemia. This heart was obtained about 2\ hours post mortem. Cannula: were 
introduced into both coronary arteries and into the coronary sinus, the latter for 
recording outflow. At about 3 hours postmortem perfusion with oxygenated 
Locke-Rosenheim solution was started through the coronary arteries. The 
temperature of the perfusion fluid was kept at 37°C. at the point of entrance into 
the arteries. The perfusion pressure was 55 cm. water. As the perfusion was 
started the chambers filled gradually and there was a very slight dilatation of the 
right ventricle, which increased gradually until the heart began to beat. Before 
any beats occurred the outflow was measured during two periods of 2 minutes 
each. They were as follows: 



Outflow from 
coronary sinus 

Outflow from other 
veins. Thebesian 
vessels and leaks 


cc. ' 

cc. 

1st measurement 

210 

525 

2nd measurement 

190 

510 


After perfusing about 5 minutes 0.5 cc. adrenalin (1:10,000) was added very 
slowly to the perfusing fluid. Following this the right auricle began to twitch and 
immediately both auricles began to beat regularly. Next the right ventricle 
began to beat and finally the left ventricle joined in and beat very feebly. After 
another 5 minutes the rhythm was regular and the rate was constant at 78 per 
minute. At this point the flow was recorded for two more periods of 1 minute 
each, the results of which follow: 



Outflow from 
coronary sinus 

Outflow from other 
veins, Thebesian 
vessels and leaks 

Rate per min. 


cc. 

cc. 

- 

1st measurement 

260 

550 

78 

2nd measurement 

26S 

545 

78 


Before further flows could be recorded the beat of the left ventricle became very 
weak and finally lost all force so that it merely twitched. At this point Berlin 
blue 2 per cent was introduced into the coronary artery cannula: at such rate as 
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to replace the Locke-Rosenlieim solution, and the beat of the heart immediately 
became weaker. Glacial acetic acid was then added to the perfusate and the heart 
beat ceased. Sections were cut from various parts of the walls, measured and 
placed in 10 per cent formalin (aqueous) for fixation. 

The results of this experiment add to the value of the figures of the 
previous one (Heart 52) and in addition show a very slight increase of 
the venous outflow in the beating heart over the outflow before it 
began to beat. This heart also showed a good capillary injection 
except in the left ventricle which had stopped beating before the dye 
was injected. 

The important point of this experiment is the relative change in the 
amount of outflow from the different sources when contrasted to the 
perfusion of dead hearts. In the beating heart (Heart 52) it did not 


TABLE v. 

Heart 52 Beating. Heart 24 Not Beating. 



Outflow from 
Thebesian vessels* 

Outflow from 
coronary sinus 
and veins 

Leaks 


cc. 

CC. 

cc* 

Heart 52 

140 

180 

75 

Heart 24 

305 

28 

102 


* Average of combined outflow from the two ventricles. 


seem wise to spend the time required in introducing cannula; into the 
pulmonary artery, aorta and great veins emptying directly into the 
right auricle. Consequently, the outflow from the chambers was 
mixed with leakage from the cut surfaces, and in addition contained the 
outflow of all the veins emptying into the right auricle except that 
from the coronary sinus. In many of the perfusion experiments on 
dead hearts the outflows from the coronary sinus and from certain 
other great veins were measured separately and the average outflow 
from the latter was a third to a half of that from the coronary sinus. 
If one takes that figure as the flow from the other veins and assumes 
that the leakage was 75 cc. the following values can be calculated for 
the flows from the different sources. 

When these calculations have been made by subtracting the leaks 
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and venous flow (other than from the coronary sinus) from collected 
outflow and adding the venous flow to that of the coronary sinus a 
figure is found which is quite in contrast to those found on perfusing 
dead hearts. 

The evidence thus far considered has been obtained from hearts after 
death or from isolated beating hearts. In support of this evidence the 
results of thirty-five experiments on intact cats are offered. The cats 
were carefully anesthetized with sodium barbital and when completely 
under the anesthetic, the chest was opened under artificial respiration 
in such manner that the heart was exposed. A dye or India ink 1 was 
injected into the left auricle or left ventricle and the heart, by pumping 
the dye or India ink into the coronary arteries, injected itself. Imme- 
diately after the injection of India ink was started, the arteries first 
filled and appeared as black stripes on the heart. As the ink reached 
and filled the capillaries the entire heart became uniformly black but 
remained so only for a brief second or more when it suddenly began to 
dilate. During the dilatation, even though the ink injection was 
continuous, the beats became very feeble and the color changed from 
deep black to a pale pinkish color, as the feeble beats “milked” or 
squeezed the dye from the capillaries. 

An explanation of the change in the color of the heart as it dilated 
and began to beat feebly was difficult, but it was furnished by the two 
experiments which follow. 

Cal 2. Weight of cat 3 kilos. May 14, 1924. Anesthesia was induced by 
means of sodium barbital (0.6 gm. per kilo intraperitoneally). Blood pressure was 
then registered by means of a cannula in the carotid artery- The chest was 
opened under artificial respiration and the pericardium incised in such a manner 
that the left auricle and ventricle came fully’ into view. India ink diluted with an 
equal part of distilled water at a temperature of 37°C. was then injected directlv 
into the left ventricle. As the injection began the aorta was cl am ped at the level 
of the right carotid artery. The pressure used in injecting the ink- was barelv 
sufficient to cause the ink to enter the ventricle against ventricular pressure. 
When the heart began to tum black, showing a capillary injection, 5 mg. of 
histamine was injected along with the ink. The total amount of ink- used was 20 
cc. At a certain time during the injection the heart turned very black and at this 

1 Berlin blue 2 per cent suspension in normal saline. Either W’eber’s or Higgins’ 
India ink was used, as a 30 per cent suspension in distilled water. Both dyes and 
inks were filtered immediately before using. 
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point the large damp was placed on the heart in the auriculoventricular groove. 
The vessels at the base were also damped, the heart excised and placed in 10 per 
cent formalin with the clamps in place. 

This heart ceased to beat almost immediately after the clamp was placed in the 
auriculoventricular groove. The injection of the capillaries appeared to be perfect 
on gross examination. 

Cat 5 . — Weight 3.1 kilos. May 20, 1924. Anesthesia was induced by means of 
sodium barbital (0.5 gm. per kilo intraperitoneally). Both carotid arteries were 
cannulated as was also the femoral vein. Blood pressure tracings were made from 
the left carotid and finally the abdomen was opened and a ligature placed around 
the aorta but it was not tied. Berlin blue (2 per cent suspension in 0.85 per cent 
salt solution) was slowly injected into the femoral vein. After approximately 
10 cc. had been injected the blood pressure began to fall and the injection was made 
more rapidly from that time on, but the rate was never such as to raise the blood 
pressure above the original level. 

The chest was hurriedly opened and it was found that the heart had stopped 
beating in systole and was deep blue in color. Additional Berlin blue was then 
injected through the right carotid artery after the ligature around the aorta had 
been tied. The injection pressure was 220 mm. of mercury. 10 per cent formalin 
was finally run in through the same artery at the same pressure. The chest was 
opened, the vessels of the heart clamped at the base, the heart excised and placed 
in 10 per cent formalin. 

The important point that was common to these two experiments was 
the fact that the heart ceased to beat in each instance while the capil- 
laries were filled and before it began to dilate. Furthermore, micro- 
scopic sections of both hearts proved the capillaries to be perfectly 
injected. The explanation to be given of this behavior, while not 
necessarily a final one, seems entirely reasonable. As the injection 
of ink was begun it entered the capillaries and cutting off the oxygen 
to the muscle, caused the heart to dilate. As dilatation occurred the 
capillaries were stretched and thereby further entrance of ink into them 
was prevented. But the feeble beats of the dilated heart were suffi- 
cient to squeeze the ink out of the capillaries. Such circulation as 
continued was almost certainly through the Thebesian vessels which 
were found well injected with the ink when the sections were studied 
with the microscope. Repeated efforts have been made to duplicate 
these experiments following each step with the greatest care, but all 
have failed because it has not been possible to stop the hearts at the 
proper stage during the injection, while the capillaries were filled. 
Sections in these later instances showed that only the large vessels 
were filled. 
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Alter witnessing these experiments one can hardly refrain from 
speculation as to the reason why the cardiac capillaries are filled with 
such difficulty and what part, if any, the Thebesian vessels play as an 
impediment to their filling. The results just reported furnish data 
which will serve as a basis for an hypothesis. 

The facts that capillaries are perfectly filled only in a beating heart, that in these 
experiments at least, they fill less completely in a non-distended dead heart, and 
scarcely at all in a dilated heart, suggest the Thebesian vessels as a cause for the 
lack of success in the last two instances. The beating heart therefore must at 
some stage of its cycle close the Thebesian vessels and force the blood through the 
capillaries. This is not at all unreasonable when one considers the pressure 
relations in the left ventricle and the aorta during systole and diastole. If one 
accepts for the moment the presence of the direct communications between the 



Text-Fig. 1. C A = coronary arteries. AC — arterial communications with 
Thebesian vessels. T V = Thebesian vessels. V A = cavities of ventricles and 
auricles. C B = capillary bed. C 5 = coronary sinus. G V = great veins 
emptying directly into the right auricle. RA= right auricle. 

coronary arteries and the heart chambers on one hand and between the veins and 
chambers on the other, a chart can be drawn which illustrates diagrammatically the 
various vascular channels of the heart. The commonly accepted route of blood 
flow in the heart is from the aorta into the coronary arteries and thence through the 
capillaries into the large veins which empty into the right auricle directly or via 
the coronary sinus. In the diagram in Text-fig. 1, this route would be shown by 
having the blood flow from the coronary arteries (Cl) through the capillary 
bed (C B), and the coronary sinus and veins (C S and G TO into the right auricle 
( R A). The experiments just reported have shown a direct communication 
between the coronary arteries (C .1) and the heart chambers via the channels 
(.1 C) to the Thebesian vessels (T I”). And in dilated dead hearts these channels 
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proved so readily accessible that approximately 60-90 per cent of the fluid per- 
fused into the coronary arteries escaped through them. In beating hearts the 
amount was considerably less and more perfusate ran through the capillaries 
(C B) into the coronary sinus and veins ( C S and G F). If the pressure that exists 
in life during the various phases of the cardiac cycle be considered, a hint of the use 
of the Thebesian vessels may be found. During ventricular systole the pressure 
is the same, of course, in the left ventricle and at the mouth of the coronary 
arteries, but the pressure in the right ventricle and in both auricles is less than it 
is in the coronary arteries. In diastole, however, with the aortic valves closed, 
the pressure in the coronary arteries (C A ) is greater than in any of the heart • 
chambers, hence an increased outflow from the Thebesian vessels (T V ) into the 
heart chambers (V A) would be expected. Even during ventricular systole there 
is possibly a little outflow into the right ventricle, and an unhindered flow into the 
auricles. The number of openings in the auricles, however, is usually small. 

This set of pressures would certainly retard the flow from the coronary arteries 
(C A) to the right ventricle and stop it from the coronary arteries (C A) to the left 
ventricle; and would, therefore, greatly inhibit the flow from the coronary arteries 
(C A) to the chambers (F A) during systole. The alternate route of flow would be 
through the capillary bed (C B). The Thebesian system, therefore, would serve 
as an additional means of escape of the blood in the heart wall and thereby enable 
the coronary vessels to empty themselves very rapidly. The veins also com- 
municate directly with the Thebesian vessels, therefore the latter might serve as 
a means of rapid emptying of the entire vascular bed of the heart during diastole. 
Moreover, since some of the Thebesian vessels are connected directly with the 
capillaries, it may be possible for blood to flow from the ventricle through these 
vessels into the capillaries. 

Such speculations as have been discussed are interesting but ex- 
tremely difficult of proof. They are offered as possible explanations 
with full realization that further work is indicated which may or may 
not support them. So long as they are recognized as theory rather 
than fact they may serve to stimulate further studj'- of the function 
of these vessels in normal hearts. 

Finally another very important function of the Thebesian vessels 
has been demonstrated by the findings in two hearts at the post- 
mortem table . 2 This function has been proved more conclusively by 
the clinical histories and necropsy findings in these two cases than it 
could be by any experiment in the laboratory. In each of the hearts 

2 It was possible to study and use these hearts through the kindness of Dr. 
Timothy Leary. The cases are being reported in detail in another paper. 
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there was complete closure of both orifices of the coronary arteries. 
The first one was found in a negro woman, about 26 years of age, who 
had worked and earned her living as a seamstress up to within a few 
days of her death. She was found dead in her room and as she lived 
alone the nature of her death could not be learned- A syphilitic 
process in the aorta, probably of long standing, had completely closed 
and obliterated the orifices of both coronary arteries. 

The second heart was from a man 35 years old who at the time of his 
death was working as a seaman. It was learned that he had been 
considered very lazy by other members of the crew but he was able 
to do his work and so far as they knew, did it without any symptoms 
or signs of heart disease. Between his jobs as a seaman he worked for 
an awning company and assisted in putting up and removing awnings 
from houses. In this heart also there was a definite syphilitic aortitis 
which had closed the orifices of both coronary arteries. 

Needless to say, in both instances a very careful search for other 
openings of the arteries was made, but without success. Attempts to 
inject fluid and pass probes through the orifices also failed. More- 
over, sections through the vessels § cm. outside the aorta revealed 
normal lumens. The orifices had, therefore, been closed by the dis- 
ease in the aorta, and the closure almost certainly had been a very 
gradual one. Sections through the arteries at their orifices showed 
complete closure in all vessels and in these the process was of long 
standing. 

In each case a heart without openings for the coronary arteries had 
maintained an efficient circulation which enabled the person to earn a 
living. The obvious questions are where and how did these hearts 
get sufficient circulation to function so efficiently? The answer is not 
difficult for the only other entrance to the coronary circulation is 
through the Thebesian vessels and in the instances just cited, at least, 
they were able to supply the heart muscle with the necessary blood to 
maintain a wage-earning life. It should be emphasized at this point 
that the closure of the coronary orifices in these two cases was a gradual 
one. It was this time element, most probably, that enabled the The- 
besian circulation to take over the new duties and perform them so 
efficiently. One does not need to search far afield for evidence to 
support this claim. It is commonplace to find at necropsies extensive 
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sclerosis of the coronary arteries, so well advanced that it is difficult 
to introduce the point of a pin into the calcified lumens. In many 
instances these people had been comparatively well and healthy indi- 
viduals, with dyspnea on exertion perhaps, but falling into the group 
of men considered normal at their age. In such conditions it is certain 
that the process of occlusion was a gradual one. Their clinical his- 
tories stand out in sharp contrast to those of patients with sudden 
closure of one branch of a coronary artery. Many of these die at the 
time of the closure while others recover after acute heart failure. In 
certain emergencies, therefore, particularly when allowed sufficient 
time to adapt themselves, the Thebesian vessels can take over the 
function of the coronary arteries. 

SUMMARY. 

In summary, evidence has been presented to show a direct connec- 
tion other than through the capillaries between the coronary arteries 
and the chambers of the heart. 

This connection was shown by perfusion, injections and serial sec- 
tions to be through the Thebesian veins. Communications between 
the larger coronary veins and the Thebesian veins were also demon- 
strated by the same methods. 

Serial sections through Thebesian veins have shown capillaries 
draining directly into them. Under certain conditions it has been 
shown that as much as 90 per cent of the arterial flow may escape via 
the Thebesian vessels. 

Lastly, in the event of gradual closure of the orifices of the coronary 
arteries, the Thebesian vessels can supply the heart muscle with suffi- 
cient blood to enable it to maintain an efficient circulation. 

This work has been in progress for 4 years during which time 
Dr. William B. Stevens assisted in many of the earlier experiments. 

I wish to express my deep appreciation to Misses Olivia Ames and 
Sylvia Warren, and Drs. Henry Jackson, Jr., and Joseph M. Hay- 
man, Jr., for their assistance in translating the older French and 
Latin papers; and to Dr. Francis W. Peabody for his very helpful 
criticisms and advice throughout the investigation. 
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EXPLANATION OF PLATES. 

Plate 17. 

Fro. 1. Left ventricle of heart injected with celloidin, showing the ceUoidin 
plugs protruding from the Thebesian vessels. The plugs have been covered with 
white ink in order to make them show more distinctly in the photograph. 

Fig. 2. Cross-section of musde fibres from the left ventride of Human Heart 
14 showing the larger vessels well filled, but scarcely any capillary injection. 
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Plate IS. 

Fig. 3. One of a series of sections through a Thebesian vein (the channel running 
across the middle of the field) showing a vein and capillaries emptying into the 
Thebesian vein. This section lay less than 0.5 mm. below the endocardial surface. 

Fig. 4. Cross-section of muscle fibres and capillaries of right ventricle of Human 
Heart 41 injected while beating. 
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A STUDY OF THE MECHANISM OF RECOVERY FROM 

EXPERIMENTAL PNEUMOCOCCUS INFECTION. 
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In previous investigations of the nature of natural immunity to 
pneumococcus infection (1—3) evidence of a defense process common 
to both pneumococcus-resistant and susceptible animals was found. 
It was possible to demonstrate, by appropriate methods, pneumococ- 
cidal activity in varying degrees with serum-leucocyte mixtures of the 
different animal species studied. The relatively marked pneumoco- 
cus-killing power of the naturally immune animals’ blood was found 
to depend on the presence of opsonins capable of causing the phago- 
cytosis and destruction of highly virulent pneumococci. The blood 
of susceptible animals lacked this property of influencing virulent 
strains but exhibited opsonic activity and destroying power for pneu- 
mococci of low virulence for the species. In relation to the total 
resisting capacity of the body, the degree of potential pneumococcus- 
killing energy resident in the blood suggests that it is an important 
if not the principal means of normal antipneumococcus defense. The 
question then arises as to whether recovery from pneumococcus in- 
fection is brought about by a similar mechanism or whether other and 
quite different forces are employed by the body in terminating the 
activity of pneumococci which have succeeded in overcoming the 
initial resistance of the animal. The results of a study of this prob- 
lem by the same methods employed in the previous work constitute 
the subject of the present communication. 

A review of the recent literature on immunity factors in recovery from ex- 
perimental pneumococcus infection reveals several points of view which have 
arisen as a result of a diversity of experimental findings- Certain investigators, 
Bull (4), Tchistovitch (5), Tudoranu (6), and others, believe that recovery is’ 
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brought about by the elaboration of specific immune substances, agglutinins, 
opsonins, or protective bodies which promote the destruction of the disease 
producing microorganisms by the leucocytes. Other workers take an entirely 
opposite view, namely that recoveiy is quite independent of these manifesta- 
tions of humoral immunity. Singer and Adler (7) eliminate humoral immunity 
completely from the mechanism and hold that a specific immune change occurs 
in the cells of the reticulo-endothelial system by which they are enabled to engulf 
and destroy the invading pneumococci. Wadsworth (8) considers that the 
production of humoral immune substances is an important element in the re- 
covery process but is of the opinion that pneumococcus immunity is chiefly 
antitoxic in nature. The majority of investigators, however, have come to the 
conclusion that the elaboration of antibodies of the bacteriotropic or protective 
type constitutes a part of the process of acquired resistance but that there are 
other undetermined factors which play a contributary, and at times a preponderat- 
ing role. 

It has been found repeatedly that active immunity may occur in the absence 
of demonstrable serum immune properties. Cecil and Blake (9) failed to find 
any constancy in the appearance of protective substances in the blood of monkeys 
recovering from pneumococcus pneumonia or any correlation between the 
degree of active immunity of the animal and the passive immune properties of 
its serum. Wright (10), studying experimental pneumococcus infection in rab- 
bits, observed that the development of opsonic and protective properties was 
irregular and uncertain and did not appear to parallel the acquisition of active 
immunity. Other authors have made analagous observations. 

This inconstancy in the finding of immune bodies in the serum of animals 
with acquired resistance appears to depend to some extent on the type of in- 
vading pneumococcus. While Cecil and Blake found protective substances occa- 
sionally after infection with Types I and II, none were observed to occur in the 
serum after pneumonia due to Pneumococcus Types III and IV. Differences 
in antibody response to the several pneumococcus types are brought out more 
clearly by active immunization. In contrast to the comparative ease and 
regularity with which it is possible to produce immune substances against Types 
I and II in the different animal species is the uncertainty of antibody response 
following immunization with Type III. In a recent study Tillett (11) found 
that only four of twenty-eight rabbits immunized with Type III pneumococcus 
showed type-specific antibodies in the serum. Tudoranu, however, considers 
that the difference between immune sera Types I and II and serum Type III is 
one of antibody concentration only and if enough serum of a Type III immunized 
or recovered animal is used, specific protection can be demonstrated against the 
homologous pneumococcus, Felton (12) has thrown further light on this subject 
by finding that in antipneumococcus serum or antibody solution there is an 
inhibitory or antagonistic substance which can be eliminated by fractional 
precipitation. He was able to show that a Tjqse III antiserum thus treated had 
a much augmented protective power. 
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The appearance of serum immune bodies appears to be conditioned even 
more by the kind of animal employed in the study, than by the type of pneumo- 
coccus used. Those authors who have found opsonic activity constantly in 
the serum of animals recovering from pneumococcus infection (Bull and Tchisto- 
vitch) -worked with a highly resistant species, the dog. Wadsworth, studying 
the problem, failed to find increased phagocytic power in dogs’ blood regularly, 
but he never found any evidence of this reaction in infected rabbits. The 
majority of those workers whose findings have lead them to question or reject 
the probable causal relationship between the occurrence of humoral immunity 
and recovery have worked with animals highly susceptible to pneumococcus, 
chiefly rabbits and monkeys. 

Among the experimental data of the above authors on pneumococcus infec- 
tion in susceptible animals one finds occasionally suggestions that there may be 
some relationship between the degree of active immunity and the presence of 
demonstrable immune properties. Wright, for example, found evidences of 
humoral immunity, especially the pneumococridal power of the blood, most 
constant and most marked at a time when the resistance of the animal (rabbit) 
was greatest. More recently Stillman (13) made the observation that rabbits 
exposed repeatedly to sprayings with Pneumococcus Type 1 developed protective 
properties in their serum, the percentage incidence of which increased progres- 
sively with the number of sprayings. Since the per cent mortality among the 
rabbits diminished with the number of exposures to pneumococci it is highly 
probable that the surviving animals had developed an increased resistance. 

In taking up the present work, namely an attempt to determine 
the part played by humoral immunity in the mechanism of recovery 
from experimental pneumococcus infection, it seemed wisest to in- 
vestigate first the reaction of resistant animals since they have been 
found to yield more constant demonstrable evidence o! antibody pro- 
duction; then in the light of the findings which might result from such 
a study to proceed to observations on a susceptible species. 

Methods. 

Disease Produclion.~Cd.ts and rabbits were infected, for the most part by the 
intrapleural injection of actively growing and abundant broth cultures of pneumo- 
cocci. A few animals were injected intraperitoneally. The organism used 
principally was a Type 1 pneumococcus originally isolated from, the blood of a 
case of lobar pneumonia. After passage through twelve cats its virulence for 
these animals was found to lie between 0.005 cc. and 0.1 cc. broth culture. Rab- 
bits were killed in the amounts of 0.000,000,1 cc. and mice with 0.000,000,01 cc. 
Passage through a cat was repeated every month or two during the course of 
the work. A Type II and a somewhat less virulent Type 1 pneumococcus were 
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also used in rabbits. The former killed in doses of 0.1 cc. to 0.01 cc., the latter 
with 0.000,01 cc. to 0.000,001 cc. broth culture. 

Disease Course . — The cats which recovered ran a febrile course usually from 
4 to 5 days terminating often with an abrupt fall in temperature. Occasionally 
the fever persisted for a longer period. A well marked loss in weight was a 
constant accompaniment. This usually ceased with the fall in temperature but 
in some animals there was a slight further weight loss followed by a slow subse- 
quent gain, in spite of their appearing otherwise well. The course of infection 
in rabbits was much more irregular and fluctuations in temperature were found 
to be less significant than loss in weight. The experimental animals were ob- 
served from weeks to months. 

Pathology . — The lesions produced in cats by intrapleural inoculation were 
found to vary widely. Autopsy after fatal termination of the infection showed, 
in the majority of instances, empyema of one or both sides often with peri- 
carditis and sometimes peritonitis. In only one case was lobar pneumonia ob- 
served. Several animals showed no gross pathology, but blood cultures were 
positive. Some of the cats were killed during and immediately after recovery. 
Except in one instance in which organized fibrin was observed over the peri- 
cardium, no gross lesions were found in these animals. Cats dying after intra- 
peritoneal injection showed peritonitis but no pleuritis. In the rabbits which 
died, a diffuse peritonitis and pleuritis were found. Lobar pneumonia was not 
seen. Microscopical studies of the tissues were not made except to verify the 
presence of pneumonia. Secondary infection with strep’tococci or Gram-negative 
bacilli supervening either during the course of infection or after recovery was 
not uncommon. 

Serum . — The test serum was allowed to separate in the cold, then cleared by 
centrifugation and immediately inactivated at 56° for £ hour. All specimens 
from a single animal, kept on ice in sealed tubes, were tested at one time. The 
dilutions indicated in the tables represent final dilution in the serum-leucocyte 
mixture. 

Pneumococcidal Tests . — The serum of the infected animals was tested for its 
power to promote pneumococcus killing by adding it to normal rabbit serum- 
leucocyte mixtures seeded with virulent pneumococci. The technique was the 
same as that described in a previous paper in the study of this property of specific 
antipneumococcus serum (14). The infected animals’ leucocytes were not used 
because it was not possible to obtain sufficient cells for the tests without with- 
drawing injuriously large quantities of blood and in the experiments with cats, 
normal leucocytes could not be employed since it would have been necessary to 
add normal active cat serum which mixture possesses pneumococcus-killing power. 
Heating the serum annuls this action. By using the serum-leucocyte mixture 
of a normal susceptible animal which of itself has no pneumococcidal action, 
any degree of this property occurring can be attributed directly to the effect of 
the added infected animal’s serum. The amount of pneumococcus suspension 
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v,-ith which the serum-leucocytes were seeded was chosen arbitrarily as contain- 
ing a sufficient number of pneumococci to produce abundant macroscopic growth 
in IS to 18 hours but still few enough to permit effective action of the immune 
serum in high dilution. 1 

Opsonic and Agglutination Tests — The serum was tested for opsonins and 
agglutinins according to the technique described in a preceding paper (3). The 
ratio of serum to pneumococcus suspension employed was 20:1. 


EXPERIMENTAL . 

Cafs. 

Development of Pneumococcidal Promoting Properties in the Serum 

Following Infection and Their Relation to Active Immunity. 

It was found constantly that the serum of cats recovering from 
experimentally induced pneumococcus infection possessed the power 
to promote destruction of pneumococci in rabbit serum-leucocyte 
mixtures analagous to that caused by the presence of specific anti- 
pneumococcus serum. This property or substance was heat-stable 
and could be demonstrated in high dilutions of the serum. The 
method of testing such sera is shown in Table I in which are given 
the details of the tests made on the serum specimens of Cat 1, Text- 
fig. 1, secured before and after infection. It is seen that the presence 
of inactivated normal cats’ serum had no detectable retarding effect 
on the growth of pneumococci in rabbits’ serum and leucocytes even 
in dilution of 1:10 (lower dilutions could not be used on account of 
the disturbing effect of cytotoxic action), whereas the serum of the 
same cat obtained after recovery from a well marked infection, con- 
ferred pneumococcus-killing power on these mixtures in dilution as 
high as 1:5120. The immune horse serum tested at the same time 
as a control on the activity of the rabbit serum and leucocytes showed 
a potency ten times as great. 

Following recovery the cats were found to be resistant to many 
times the fatal dose of pneumococci. 

1 In a previous paper (14) it was found that there exists a q uan titative rela- 
tionship between the concentration of immune serum present and the number 
ol pneumococci destroyed by the scrum and leucocytes. 
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Appearance of Scrum Immune Properties in Relation to Temperature 

and Blood Invasion. 

Tests on samples of blood taken frequently during the course of 
infection showed that in those animals destined to recover, serum im- 
mune properties appeared about the 4th day of the disease (Text-figs. 

TABLE i. 

Determination of Pncitmococcidal Promoting Power of Cat's Scrum before and after 

Pneumococcus Infection. 

Normal rabbit serum 0.2 cc. 4 rabbit leucocyte suspension 0.1 cc. 4 diluted 
cat serum 0.1 cc. 4- pneumococcus suspension 0.1 cc. 
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2, 5, and 6). In two cases they were demonstrable on the 3rd day. 
The titer of the pneumococcidal promoting substances rose abruptly 
and usually reached its highest point within 48 hours where it tended 
to remain comparatively stationary for several days before beginning 
a gradual drop. Coincident with the appearance of immune bodies 
in the serum there occurred in most instances a sharp drop in tem- 
perature, although often it did not reach normal until several days 
later. 

Blood invasion which was present in the majority of the infected 
cats and often to an intense degree, terminated abruptly with the 
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Text-Fig. 1. Cat 1. Experimental pneumococcus infection following the 
intrapleural injection of 0.005 cc. of Pneumococcus Type I broth culture. 

appearance of pneumococcidal promoting substances in the blood 
I'l'^kfigs. 5, and 6). In most instances this immune property was 
not demonstrated until the blood was sterile, but occasionally as 
shown by Cat 5, Text-fig. 5, both antipneumococcus substances and 
pneumococci were found to be free in the blood stream at the same 
time. It is possible that had blood specimens been taken with suffi- 
cient frequency this transient simultaneous presence of circulating 
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antigen and antibody would have been observed much more frequently 
or perhaps regularly. The constant and marked decrease in the 
number of colonies shown by blood plates during the 24 to 48 hours 



Text-Fig. 2. Cat 2. Experimental pneumococcus infection following the 
intrapleural injection of 0.03 cc. broth culture, Pneumococcus Type I. 


preceding the appearance of immune substances in the blood, suggests 
that the elaboration of these bodies begins early in the disease. 

All those cats in which the disease went on to a fatal termination 
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Text-Fig. 4. Cat 4. Experimental pneumococcus infection following the 
intrapleural injection of 0.03 cc. broth culture, Pneumococcus Type I. 
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failed to develop demonstrable serum immune properties and showed 
a persistent marked bacteriemia (Text-figs. 4 and 7). 
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Text-Fig. 5. Cat 5. Experimental pneumococcus infection following the 
intrapcritoneal injection oi 0.002 cc. broth culture, Pneumococcus Type I. 


Character of Immune Bodies Occurring at Recovery. 

In a number of instances serum specimens were also tested for their 
opsonic, agglutinative, and mouse protective actions. The results of 


Pneumococci per 0.lcc,oF blood bano 
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one such complete stud)’- are shown in Text-fig. 5. A very close paral- 
lelism was found to exist between the appearance of these three well 
recognized evidences of antipneumococcus reaction and the pneumo- 
coccidal promoting power of the serum. With very few exceptions 
they all appeared at the same time and increased together although 
not necessarily in a strictly quantitative relationship. In two cases 
mouse protective properties 2 were demonstrable before pneumococci- 
dal promoting power became apparent. Text-fig. 3 shows one such 
instance. A repetition of the test gave the same result. And in one 
other cat the serum showed slight opsonic activity the day preceding 
the detection of the other evidences of immune change. The absence 
of exact parallelism between the appearance and rates of increase in 
intensity of these several reactions affords, however, no objection 
to the supposition that they represent different manifestations of one 
immune response since the various methods employed to bring them 
out are not comparable quantitatively. During the initial period of 
recovery when the concentration of immune substances was low, 
frequently neither agglutinative nor opsonic activity could be demon- 
strated with equal parts of serum and pneumococcus suspension but 
could be brought out clearly when a ratio of twenty parts serum to one 
part pneumococcus suspension was used. 

The animals which died failed to show at any time during the course 
of the disease any of the above studied serum immune properties. 

Specificity of Scrum Immunity. 

Tests carried out to determine the specificity of the immune re- . 
sponse in the serum of recovered cats showed that such serum was 
strictly type-specific as to pneumococcidal promoting, agglutinative, 
and opsonic properties. 

Relation of Leucocyte Count to Course of Disease. 

Estimation of the number of circulating white blood cells made at 
frequent intervals during the experimental disease, failed to reveal 
any constant difference in leucocyte response between the animals 
recovering from infection and those which succumbed. After an 

2 The figures recorded on the charts indicate the dilution of culture against 
which 0.2 cc. of the animal's serum protected. 
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initial rise within the first 24 to 48 hours from a normal count of 
10,000-15,000, to 30,000-50,000, the number of leucocytes usually 
diminished gradually during the course of the disease. In a few in- 
stances a secondary rise was noted just preceding recover}'. In sev- 



eral cats both with fatal and non-fatal outcome the number of white 
blood cells increased only slightly. It was of interest to observe 
repeatedly an unusually high leucocyte count accompanying fatal 
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infection (see chart of Cat 7, Text-fig. 7). Another cat (chart not 
exhibited) showed a count rising from 33,000 on the 1st day to 50,000 
on the 4th day when death occurred. Still another died on the 8th 
day with the white blood cells at 42,000. Counts as high as 85,000 
were observed within 2 or 3 days of death. In certain of these animals 
showing a terminal high white count empyema was found, but in 
others there was no evidence of complications. 3 

It is evident from these observations that the course of pneumo- 
coccus infection in the cat is not determined primarily by the number 
of circulating leucocytes. In the absence of detectable serum im- 
munity the leucocytes, no matter in how great numbers present, seem 
to have no inhibiting effect on either blood invasion or progression of 
the disease. Cat 6, Text-fig. 6, showed a rapidly increasing number 
of pneumococci in the blood in spite of a leucocyte count of 60,000, 
and it was not until humoral immune bodies appeared that blood in- 
vasion ceased. It was noted repeatedly that with immune substances 
present in the blood a moderate increase only in the number of leuco- 
cytes appeared to be compatible with rapid and complete recovery. 

While the scope of this work did not include a complete study of 
the duration of active and passive immunity following infection, 
observations were made on three cats after a lapse of 2 months. Just 
prior to reinoculation with 10 to 20 times the killing dose of pneumo- 
cocci two of the cats showed a low titer of pneumococcidal promoting 
substances in the serum, the third showed none. All three animals 
reacted with a marked rise in temperature and weight loss but re- 
covered in 3 to 4 days. In striking contrast to the behavior of these 
animals is the absence of any appreciable reaction observed in cats 
reinoculated soon after recovery from infection when the concentra- 
tion of serum immune substances was at a high level (see charts, Text- 
figs. 1 and 6). These were two of the cats used for the tests 2 months 
later. 

Rabbits. 

Attempts to stud}* in rabbits the type of experimental pneumo- 
coccus infection observed in cats were found to be attended by many 

Furthermore the development of empyema was not always accompanied by 
a rise in the number of leucocytes. 3 
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difficulties on account of the wide individual variations in suscepti- 
bility which rabbits manifest towards the pneumococcus. A great 
majority of the animals inoculated, either died or failed to show evi- 
dence of disease. Furthermore, withdrawal of blood in any quantity 
during the stage of active infection had very disturbing and often 
disastrous effects. From a very large number of trials a few satis- 
factory observations were secured but these were by no means as 
complete as those made on cats. 



Text-Fig. 8. Rabbit 1. Experimental pneumococcus infection following 
the intrapleural injection of 0.000,01 cc. broth culture, Pneumococcus Type I. 


The main findings in cats as regards the occurrence of immune sub- 
stances in the blood, were confirmed in the rabbit. Following recovery 
from experimental pneumococcus infection, there appeared in the 
rabbit’s serum pneumococcidal promoting substances which were 
shown to be associated with the acquisition of greatly increased pneu- 
mococcus resistance (Text-figs. 8, 9, and 10). Likewise opsonic, 
agglutinative, and mouse protective properties were demonstrable in 
the serum at the same time. The intensity of the immune response 
appeared to be fully as great in rabbits as in cats when similar experi- 
mental conditions obtained. 
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The charts of the three rabbits exhibited exemplify several types of 
reaction to pneumococcus infection which differ considerably one 
from the other. Rabbit 1, Text-fig. 8, received a small dose of a viru- 
lent strain and after a severe and prolonged disease course showed a 
high concentration of serum immune substances/ Rabbit 2 after 
a much larger dose of a pneumococcus of considerably less virulence, 
gave scarcely any evidence of disease but showed a well defined though 
low titer of pneumococcidal promoting power in the serum. With 



Text-Fig. 9. Rabbit 2. Experimental pneumococcus infection following 
the intraperitoneal injection of 0.001 cc. broth culture, Pneumococcus Type n. 
Reinoculation after recovery with 1 cc. broth culture. 


Rabbit 3, on the other hand, the injection of a minute number of 
highly virulent pneumococci, produced no appreciable effect and no 
resulting detectable serum immunity but the animal was found to 
have developed a very greatly increased resistance. While Rabbit 2 
with demonstrable serum immune properties showed no reaction 

* Further observations were prevented by the development of snuffies which 
progressed slowly to a fatal termination. 




December Januar 


334 


RECOVERY PROM PNEUMOCOCCUS INFECTION 





ROBERTSON, WOO, CHEER, AND KING 


335 


following the injection of many times the lethal dose of culture, Rabbit 
3, lacking such serum properties, developed a severe though not fatal 
disease after reinoculation. The subsequent appearance of immune 
substances in the serum of Rabbit 3 indicated a further increase in 
resistance as revealed by the lack of any detectable reaction to a 
second reinoculation of the same size. 

Observations on the leucocyte count were not made in the rabbits 
chiefly on account of the uncertainty of the outcome of the experi- 
mental disease. Neither were the rabbits retested for duration of 
their active or passive immunity. 

DISCUSSION. 

The most noteworthy result of this work is the constancy of the 
findings. In the resistant animal recovery was always marked by 
the development of well defined humoral immune properties which 
failed to occur in fatal infections. In the susceptible animal studied 
(the rabbit) similar immune reactions were found although they could 
not be related so closely to the period of recovery. The observations 
in cats tend to amplify the studies of certain previous investigations 
on experimental pneumococcus infection in resistant animals. Bull 
(4), who has made the most detailed report on this subject, was not 
able to demonstrate agglutinins and opsonins in the serum of dogs 
until 24 to 48 hours after the temperature had fallen, but he found 
indirect evidence of immune body action in vivo, at the time of crisis. 
Whether the success obtained in our experiments in demonstrating 
the coincidence of the appearance of serum immune substances with 
recovery was due entirely to the methods employed or to the particu- 
lar experimental animal used remains to be determined. 

Our findings in the rabbit do not agree altogether with those of 
other investigators. The results obtained in the study of Rabbit 3, 
Text-fig. 10, offer a possible explanation for at least some of these 
previously observed irregularities in the appearance of immune sub- 
stances in susceptible animals. This animal, as a result of an exceed- 
ingly small injection of a highly virulent pneumococcus developed a 
marked degree of active immunity but showed no evidence of passive 
immune properties in its serum. Is this to be attributed to the pres- 
ence of immune substances in such low concentration that they could 
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not be detected in the test-tube or mouse, or were the body cells only 
sensitized and ready to react more energetically to further antigenic 
stimulus, or was this state of resistance due to another factor? The 
finding of a relatively high concentration of serum immune substances 
following the severe infection produced by the second inoculation 
suggests the first or second possibility. Another factor which may 
introduce variations in the demonstrability of humoral immune bodies 
is possible differences among the susceptible animal species in respect 
to excess elaboration of antipncumococcus substances. Cecil and 
Blake (15), for example, found only very occasionally slight traces 
of immune properties in the serum of monkeys tested 2 to 3 weeks 
following experimental pneumococcus pneumonia with all four types. 6 
It seems not improbable that certain non-resistant species, as the 
monkey, may elaborate specific antibodies in only slight excess of the 
concentration needed to combat the invading microorganism and that 
this detectable excess disappears rapidly after recovery. Dochez 
(16) observed in certain cases the rapid disappearance of protective 
substances from the serum of patients after recovery from lobar pneu- 
monia. We have also noted, following lobar pneumonia, the complete 
disappearance within 10 days of serum immune substances which 
were present at the time of crisis in considerable concentration. 6 

The chief significance of our observations on the occurrence of 
antipneumococcus immune substances in the cat would seem to lie 
in the time relation of their appearance to the termination of infection 
and the nature of their demonstrable action. The fact that substances 
capable of promoting a marked degree of pneumococcidal action 
appeared in the serum coincidentally with the amelioration of the 
disease process as shown by drop in temperature, and cessation of 
blood invasion which was followed by continued progress to recovery, 
makes it seem probable that the development of humoral immunity 
bears a causal relationship to the mechanism of increased antipneu- 
mococcus defense. A perfectly valid criticism of tin's assumption is 
that we have tested only the animals’ serum and that we have no 

6 That the monkey shows a well marked antibody production under certain 
conditions was found by Cecil and Blake (15) in their studies in vaccination 
with virulent living pneumococci. 

6 This finding will be reported in a subsequent study on lobar pneumonia. 
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evidence that the serum of the recovering animal promotes the killing 
of pneumococci in the cat’s body as it does in the test-tube with normal 
leucocytes. It is true that we have made no observations on the 
phagocytic and intracellular digestive activity of the leucocytes dur- 
ing experimental pneumococcus disease. The studies of other workers 
(17, 18, 19), however, on the activity of the leucocytes during pneu- 
monia, while not in entire agreement with each other, indicate that 
ordinarily their function is little if any diminished, but in infections 
of marked severity there may be some depression especially of the 
intracellular digestive power. This phase of the problem requires 
further investigation. 

The essential change which occurs in the serum of the cat recovering 
from pneumococcus infection would seem to be the elaboration of a 
heat-stable body or bodies whose chief antibacterial manifestations 
are opsonic and agglutinative activity. Power to precipitate the 
soluble substance undoubtedly is also present since the immune 
change is specific. That all these reactions are brought to bear on 
the pneumococcus growing in the animal body seems probable. 
Whether these several functions of the immune serum assume the same 
relative importance in the test-tube serum-leucocyte mixture is open 
to question, since conditions of pneumococcus growth in vivo differ 
in some respects from those in vitro. Possibly the precipitative action 
plays a less important role in the serum-leucocyte tests than in the 
body where the products of pneumococcus growth are present in 
greater concentration. Again, agglutination may play a more promi- 
nent part in vivo, especially in freeing the blood stream from organisms. 
However, the fact that the potency of an immune serum to produce 
pneumococcus killing in the serum-leucocyte mixtures parallels verv 
closely its protective power in the mouse’s body (14), suggests that 
its chief function is the same in both environments. Since phagocy- 
tosis and intracellular digestion are promoted to a marked degree by 
the presence of antipneumococcus serum and constitutes the only 
means of pneumococcus killing by the blood elements which we have 
been able to demonstrate, we are lead to infer that opsonic action in 
its entirity probably constitutes the most important property' of such 
a serum. 

The question then arises whether granting the possibility of de- 
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struction of pneumococci in the body by the above indicated means, 
will account for the degree of pneumococcus killing that occurs during 
recovery from infection. This question cannot be answered definitely 
since we have no means of estimating the number of organisms in the 
infected animal, but it is possible to estimate in a general quantita- 
tive way the killing power of immune blood. As shown in Table I, 
the immune horse serum is ten times as potent as the recovered cat 
serum. By repeated tests we have found that a 1 to 500 dilution of 
immune serum of this potency when added to the serum and leuco- 
cytes contained in 0.5 cc. normal blood is capable of causing the 
destruction of 10~ 3 of the standard pneumococcus suspension which 
amount contains approximately 1,000,000 pneumococci (14). With 
a serum one-tenth this potency we might expect that it would pro- 
duce the same action in a dilution of 1 to 50, since the action of. im- 
mune serum under these conditions has been found to be quantitative 
in nature. A cat weighing 2000 gm. would have a total blood volume 
of about 100 cc. and if each 0.5 cc. of blood could destroy 1,000,000 
pneumococci the total amount disposed of by 100 cc. would be 
200,000,000. But in making this estimate we are limiting the de- 
struction to the normal number of circulating leucocytes. The serum 
is capable of sensitizing perhaps ten times or more as many organisms 
as can be cared for by the normal number of circulating white blood 
cells and it is likely, as shown by the work of others which will be 
discussed further on, that certain of the fixed tissue cells also take 
part in the phagocytosis under these conditions. Even if these figures, 
which are only approximate, err considerably on the side of too high 
an estimate they do show a relatively enormous killing potentiality 
in the serum and cells of the pneumococcus immune animal, and it is 
probable that this process occurs much more effectively and continu- 
ously in the body than in the test-tube. 

The relation of the naturally immune state to these changes which 
have been found to take place during infection in the cat, is by no 
means clear. Assuming that the normal resistance of this animal 
depends chiefly on the presence of circulating antipneumococcus 
opsonins, it would seem probable that a pneumococcus sufficiently 
virulent to establish itself in a free cavity of the body must be able to 
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neutralize the normal immune substances. 7 What happens next we 
can only surmise. This process of neutralization may take place 
rather slowly or it may be that the body has reserves of normal defense 
forces that can be called into action to retard the growth of the pneu- 
mococci until the development of the acquired immune reaction occurs. 
Wright considers that increased resistance may begin within a few 
horns after the introduction of the microorganisms and we also have 
reason to believe that the processes of acquired immunity are initiated 
relatively early in the disease course. The newly operating anti- 
pneumococcus opsonins detectable at recovery appear to differ in 
nature from the normal opsonins but we have as yet insufficient cri- 
teria to be sure of this. Our observations in a previous paper (3) on the 
relative heat resistance of normal pig opsonins raises the question as 
to the safety of relying entirely on this test for the differentiation of 
immune from normal opsonins. At any rate the pneumococcidal 
action induced by the recovering cat serum in a rabbit serum-leuco- 
cyte mixture appears to be the same as that caused by the serum and 
leucocytes of the normal cat, but whether the pneumococcus-killing 
process which takes place in the animal successfully resisting infec- 
tion by implanted pneumococci is the same as that employed by the 
diseased animal is open to question. Information concerning the 
type of cell engaged in phagocytosis and intracellular digestion of 
pneumococci in naturally resistant animals is far from complete. The 
evidence at hand, however, suggests that of the circulating leucocytes, 
the polymorphonuclears play the chief role in this process. The large 
monocytes have also been shown to be actively phagocytic for pneu- 
mococci. Observations in animals with acquired immunity indicate 
that a variety of cells take part in the disposal of pneumococcus. 

Wright, studying the fate of pneumococci injected into rabbits 
immunized against Pneumococcus Type I found that in the lung the 
monocytes were fully as actively phagocytic as the polymorphonuclear 
leucocytes and that in the liver certain of the fixed tissue cells of the 
reticulo-endothelium engulfed large numbers of organisms. Singer 

' Bull (4) regards the early stages of disease as a period of adaption of the 
microorganism to the existing antibodies rather than to the exhaustion of these 
substances. 



340 


RECOVERY PROM PNEUMOCOCCUS INFECTION 


and Adler ascribe phagocytosis in both the immune and normal animal 
entirely to the reticulo-endothelium. However, they did not demon- 
strate this type of phagocytosis as occurring in the normal animal. 
Tudoranu found that in the aleuronat peritoneal exudate of rabbits 
immunized with Pneumococcus Type III the homologous organisms 
were phagocyted almost entirely by the monocytes. The experiments 
of Winternitz and Kline (20) and also Wright in which the number of 
leucocytes were greatly reduced by benzene injections without ap- 
preciably diminishing the blood-clearing power of the immune animal, 
indicate that cells other than the leucocytes are active in the pneu- 
mococcus-destroying processes of the immune body. "VlOiile all these 
experimental observations have been made in a susceptible animal, 
the rabbit, the same process may well occur in relatively resistant 
animals with acquired immunity and, were it possible to make obser- 
vations in the normal animal body as easily as in the immune animal, 
cells, other than the leucocytes, might be found to be active in the 
destruction of pneumococcus. That the Kupffer cells of the liver in 
normal resistant animals are capable of taking up pneumococci seems 
quite probable but it is difficult to estimate the importance of this 
process in the normal defense mechanism against natural infection 
since we know practically nothing of the penetration of pneumococci 
into the blood stream except during disease. 8 

The observations on rabbits recorded in this study provide by 
themselves only indirect evidence as to the part played by humoral 
immunity in the rabbit’s recovery from pneumococcus infection. But 
taken in conjunction with the findings in cats, they assume much 
greater significance. However, the fact should not be overlooked 
that acquired resistance in this animal has been shown to be present 
in the absence of demonstrable serum immunity and although certain 
plausable explanations for such absence can be made, there exists the 
possibility of other unknown immune factors. 

It should be stressed that our experiments both with normal and 
infected animals have been carried on almost entirely with pneumo- 
cocci of Types I and II. That the blood of pneumococcus-resistant 

8 Kyes demonstration of the marked phagocytic power of the Kupffer cells 
of the pigeon for pneumococci suggests that these cells in the normal mammal 
may possess a similar function. 
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animals possesses the power to destroy Pneumococcus Type DI (1) 
and that it possesses normal opsonins against this type (21), has been 
shown. But no experiments on infection with Type HI pneumococci 
nor studies on normal resistance of susceptible animals against these 
organisms have been made. Tillett (22) has recently published a 
study which might be interpreted to indicate that natural and 
acquired i mm unity to Pneumococcus Type PH may be of a dif- 
ferent order than that against the other two fixed types. He found 
that the resistance of normal rabbits to relatively enormous intrave- 
nous doses of an encapsulated Type HI pneumococcus was not associ- 
ated with demonstrable antibodies in the serum and that little evidence- 
of phagocytosis could be detected in the blood. Phagocytosis by the 
reticulo-endothelial system was not investigated. The most signifi- 
cant phase of Tillett’s work deals with the production of active im- 
munity to Type HI which he finds to be not only not associated with 
demonstrable immune substances but to be non-specific. He considers 
that the normal rabbit possesses a mechanism for inflicting injury' 
on the capsule of the Type HI pneumococcus and that active im- 
munity probably consists in an increase in this normal function. • 

In the light of our present incomplete knowledge it is not possible 
to draw any r general conclusions concerning the processes underlying 
recovery from experimental pneumococcus infection. Until the whole 
field has been studied with the care that has been devoted to certain 
areas, the interrelationship of the component parts will probably not 
be revealed. However, the constant occurrence of phenomena ob- 
served in the study of certain aspects of -the problem justify our 
drawing tentative inferences limited always to the conditions under 
which the observations were made. Thus the evidence at hand would 
indicate that recovery from experimental infection with Pneumococcus 
Types I and II in cats and rabbits is brought about largely by the 
elaboration of specific antipneumococcus serum substances whose 
chief function is to make possible phagocytosis and intracellular 
digestion of the invading pneumococci. That the evidence for this 
assumption is much dearer in cats than in rabbits is granted. Further- 
more drawing the above condusion does not exdude the possibilitv of 
other forces aiding in the process. There may be another factor in 
acquired immunity and certain experimental findings suggest its 
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existence, which plays a part perhaps relatively more important in 
one type of animal than another and possibly varying in its activity 
with the different types of pneumococci. That other pneumococcus- 
resistant animals react in a manner similar to the cat seems probable in 
view of observations of other investigators and because of the fact 
that these animals show the same type of normal protective mechan- 
ism. Inferences concerning the recovery processes of pneumococcus- 
susceptible animals other than the rabbit are less safe because of the 
great diversity of findings by different workers. However, the fact 
that humoral immune substances have been detected in these ani- 
mals with acquired resistance, suggests that this form of immunity 
plays some part in their recovery from pneumococcus infection. 

SUMMARY. 

A study was made of the blood of cats and rabbits during experi- 
mental pneumococcus infection with a view to ascertaining the rela- 
tionship of acquired immune properties to the mechanism of recovery. 
Observations were directed chiefly towards the detection of pneumo- 
coccidal promoting substances, but the other manifestations of anti- 
pneumococcus reaction were studied as well. It was found con- 
stantly that the serum of animals recovering from infection possessed 
the power to promote the destruction of highly virulent pneumococci 
in rabbit serum-leucocyte mixtures which mixtures of themselves 
have no growth inhibitory action. Furthermore, the presence of 
this serum immunity was associated with a marked increase in acquired 
resistance to the pneumococcus. In cats which were studied in the 
most detail the pneumococcidal promoting power of the serum as well 
as the opsonic, agglutinative, and mouse protective activities became 
demonstrable at the time of recovery and their appearance in the 
serum always marked the termination of blood invasion. These im- 
mune reactions were found to be type-specific. The animals which 
succumbed failed to develop detectable serum immune properties 
and showed persistent blood invasion. The degree of leucocytosis 
did not appear to bear any constant relation to the outcome of the 
disease. The significance of these findings is discussed. 
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SOME FACTORS DETERMINING THE LOCALIZATION OF 
A CHICKEN TUMOR AGENT* 

B\- RONALD D. MACKENZIE, M.B.,t Asm ERNEST STURM. 

(From the Laboratories of The Rockefeller Institute for Medical Research.) 

Plates 19 ajtd 20. 

(Received for publication, October 4, 1927.) 

In the production of many pathological processes, tvro main factors 
are concerned. The first, the general factor, -which determines the 
nature of the condition, and the second, or local factor, determining 
the site of the inflammatory process. 

In osteomyelitis for example, there is frequently the history of an antecedent 
injury to the affected part, and it may be taken for granted, that this injury in 
some way predisposes to a localization of bacteria, which may happen to be present 
in the circulating blood or elsewhere. In syphilis, tertiary lesions appear more 
frequently in superficial bones which are more exposed to injury than in the 
deeper ones which are well protected by overlying tissues. Kiedel and Zimmer- 
mann (1) have described an interesting case, showing that under certain con- 
ditions a syphilitic eruption may follow the lines of tattoo markings in the 
skin, and further, that certain of the pigments used in tattooing are more active 
than others in this relation, though whether because of a specific action of the dye 
substance, or of the degree of reaction that it induces is not known. That all 
inflammatory reactions are not equally effective in promoting the growth of 
organisms, is well shown by the work of Chesney and Kemp (2), who have demon- 
strated, that spirochetes will survive better and multiply more rapidly in a recent 
granulating wound, than in an older subacute lesion. 

Various attempts have been made to study the question of localiza- 
tion experimentally. 

Thus Gyc and Kettle (3) have demonstrated the localizing effect of silica in 
tuberculosis. Lcvaditi and Nicolau (4) have shown that the trauma produced 
by the removal of hair is sufficient to determine a localization of the eruption, 

* This investigation was carried out by means of funds from the Rutherford 
Donation. 

1 Fellow of the Rockefeller Foundation. 
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when vaccine virus is injected intravenously. Somewhat similar results may be 
obtained when the “virus” of epithelioma contagiosum is injected intravenously 
in birds, the lesions developing i 1 this case around the roots of feathers which 
have recently been plucked (5). 

Rous and Murphy and Tytler (6) while working with the filtrates of those 
chicken tumors, which can be transmitted by means of a cell-free filtrate, found 
that a larger number of tumors could be obtained, if a certain amount of tissue 
derangement was caused at the site of the injection. To produce this they added 
kieselguhr to the inoculum. This substance has been shown by Podwyssozki (7) 
to produce a well marked tissue reaction when injected subcutaneously. Jones 
and Rous found that injur}'- determined the localization of the growths developing 
after the inoculation of mouse tumor material into the peritoneal cavity (8). 

Metastasis formation by “filterable chicken tumors” is common, probably 
because, as shown by Rous, Robertson and Oliver (9), the active agent is fre- 
quently present in the blood of chickens with developing tumors. The secondary 
growths may occur in the liver, lungs, etc., but during the spring season they are 
much more common in the ovary. It has been suggested, that this seasonal 
infection of the ovary is due to the frequent injuries received by that organ during 
the process of ovulation, and the resulting presence of much recent granulation 
tissue, which it seems is readily attacked by the tumor agent. Rous, Murphy and 
Tytler (6) investigated the action of the tumor agent when injected intravenously 
in chickens, and found that tumors seldom resulted, but when they did develop 
it was nearly always in the functioning ovary. 

The above observations on chicken tumors suggested that the 
induced inflammatory reactions might prove favorable to the locali- 
zation of the causative agents on intravenous injection with as a result 
the subsequent development of tumors. It was therefore determined 
to attempt the experiment. 

M elhod. 

The method selected was the injection into the pectoral muscles of 
various irritating substances such as Scharlach R, kieselguhr, tar and 
hashed chicken embryo tissue, followed after a period by the intra- 
venous injection of fresh tumor filtrate. The pectoral region was 
selected as the site, partly for convenience, and partly because 
metastases have never been reported there, even after intravenous 
injection of the tumor agent. Chicken Sarcoma 1 of the series de- 
scribed from The Rockefeller Institute was chosen for use in these 
experiments, and only adult Plymouth Rock and Rhode Island red 
hens were used. These birds are now equally susceptible to this 
tumor. 
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Experiments with Scharlach R. 

First Experiment . — Six hens received 1 cc. of a saturated solution of Scharlach R 
in olive oil in each breast and this injection was repeated after 7 days. There 
resulted a certain amount of inflammatory reaction which could be made out on 
palpation. Three weeks after the last injection of Scharlach R each fowl received 
5 cc. of fresh tumor filtrate into the wing vein. This filtrate was prepared in the 
usual way by grinding about 25 gm. of the tumor material with sand and about 
400 cc. of Ringer’s solution, centrifuging to remove the laager particles and filter- 
ing through a Berkefeld V filter. 

Four weeks later the fowls were killed and thoroughly examined. The pectoral 
muscles showed a marked inflammatory reaction around the Scharlach R which 
had become localized and was lying in pockets shut off by well formed connective 
tissue. Only in one bird out of the five was a tumor present in the breast tissue, 
this being in contact with the reaction tissue. That this failure to localize in the 
pectoral tissue was not due to general resistance of the chickens or to the low 
potency of the filtrate was clearly demonstrated by the fact that four of the five 
animals showed formations of tumors in other locations, namely lungs, spleen, 
ovaries, liver and in the wing at the site of the filtrate injection. 

In only one fowl out of six employed in this experiment a tumor 
developed in the breast muscle in the region infiltrated with Scharlach 
R. In view of this fact the procedure was slightly altered, the period 
between the second injection of Scharlach R and the intravenous injec- 
tion of tissue filtrate being shortened. 

Second Experiment . — Five hens were injected into the breast muscle with the 
same solution of Scharlach R as before. Four of these received 1 cc. on each side, 
while the last received only 0.5 cc. After an interval of 7 days these injections 
were repeated. A week later, the intravenous injection of 5 cc. of fresh tumor 
filtrate prepared as described above was made into a wing vein. The animals 
were killed 4 weeks later, and the breast tissue was examined. 

As before, the solution of Scharlach R spread through the pectoral 
tissue and became only slightly encapsulated by fine connective tissue. 
In all these birds, small tumor nodules were found in the breast muscles, 
lying amongst the Scharlach R (Fig. 1). This was later confirmed by 
microscopical examination. The smaller amount of the dye received 
by one of the hens did not appear to affect the result, which was the 
same in all the injected fowls. 
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Experiments with Tar. 

Following the same plan as before, three fowls were injected with 
1 cc. of a solution of purified tar in benzene. This was repeated after 
a week. Seven days later they were given an intravenous injection 
of 5 cc. of tumor filtrate. When the birds were examined at a later 
date, they all showed tumor formation in the breast muscles in the 
region of the tar injections (Fig. 2). Evidently tar resembles 
Scharlach R in its localizing effect. 

Experiments with Kicsclguhr. 

The reaction produced by kieselguhr in the tissues is a peculiar 
one, and has been studied by Podwyssozki (7) and others. It con- 
sists very largely of giant cells, probably of the foreign body type, 
with little of tire ordinary connective tissue (Fig. 3). It seemed of 
interest to attempt localization with this substance. Accordingly 
five hens were inoculated with a mixture of kieselguhr in Ringer’s 
solution, 1 cc. being injected into each breast. This was repeated in 
a week, and then 7 days after the second injection, the tumor filtrate 
was passed into a wing vein. One of the birds died early in the ex- 
periment and was discarded. Of the remainder, only one out of the 
four developed a tumor of the breast muscle. All showed tumor 
localizations in other parts of the body. 

This experiment was carried out under conditions very similar to 
those of the second experiment with Scharlach R and the one with 
tar. The same filtrate was used for the three. The differing results 
would suggest that the nature of the tissue reaction is of importance 
in determining the degree of localization. 

Experiments with Embryonic Tissue. 

In these experiments the local change was induced with fresh chick 
embryo tissue. 

First Experiment . — 7 to 10 day embryos were hashed up in Ringer’s solution, 
and 1 cc. injected into the breast muscle of each of five hens. Only one injection 
of embryo tissue was given to each bird. When, after 10 days, well formed em- 
bryomas had appeared, an injection of 5 cc. of fresh tumor filtrate was given into 
a wing vein. After 21 days had elapsed, a time presumably sufficient for localiza- 
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tion to have taken place in or around the embryo nodules, the birds were killed 
and examined. Of the five used, only one, showed such a localization of the 
growth. That the filtrate was active and the birds not resistant was shown by 
the fact that all five developed tumors in other regions. Furthermore the filtrate 
was the same as that used for the second Scharlach R experiment where localiza- 
tion took place in the areas of induced reaction in all the fowls injected. 


In view of the results obtained in the second Scharlach R experi- 
ment, it was decided to reduce the time between the injection of em- 
bryo tissue and the injection of the filtrate. 

Second Experiment . — Four hens were injected into the pectoral muscles with 1 
cc. of tissue. Two of these were then injected intravenously with 5 cc. of tumor 
filtrate 3 days after receiving the embryo tissue, and the other two received their 
injections 5 days after the embryo hash. The results were as follows: 

(а) The chickens injected with filtrate 3 days after the introduction of the em- 
bryonic tissues had numerous tumor nodules in and around the embryoma (Fig. 
4), all being in contact with the embryonic tissue. These findings were verified 
by microscopic examination. 

(б) The chickens which received the filtrate 5 days after the embryonic tissue 
injection showed macroscopically no evidence of tumor localization but micro- 
scopic examination disclosed in one fowl a few scattered areas of sarcomatous 
transformation in the embryonic tissue. 

The same filtrate was used in both of these groups and its potency was shown 
by the fact that all of the fowls developed tumors in other parts of the body. 

While the first and second experiments were carried out with differ- 
ent filtrates it seems justifiable to compare the results, since in both 
the filtrate was very active as shown by the fact that all of the fowls 
developed tumors elsewhere than in the breast. The findings suggest 
that the reaction induced by the injection of embryo tissue is only 
active as a localizing factor in its early stages. 

DISCUSSION. 

Localization of the agent of Chicken Tumor 1, resulting in tumor 
formation has been accomplished by inducing the development of 
reaction tissue in the pectoral muscles prior to the intravenous in- 
jections of fresh tumor filtrate. 

The irritants successfully used for the purpose differ somewhat in 
their effect, those in one group, Scharlach R, tar and embryo tissue, 
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eliciting an ordinary subacute reaction of the fibroblastic type, while 
kieselguhr gives rise to the development of a peculiar tissue consisting 
largely of giant cells. In the experiment with irritants of the first 
type, the tumor localization occurred most frequently in the early 
stages of the reaction when the reaction cells were young and actively 
growing. As the reaction tissue became older less localization in it 
took place. 

While the number of fowls injected with kieselguhr was relatively 
few, the small proportion of positive results obtained with this sub- 
stance has some significance, since the filtrate employed was the 
same which caused tumors in all of the fowls that had been injected 
with Scharlach R and tar. It may be concluded tentatively that the 
peculiar reaction tissue elicited by kieselguhr is less favorable to the 
localization of the tumor-producing agent than is that induced by 
other substances. It is of interest to note that kieselguhr is less 
active in localizing vaccine virus after intravenous injection than is 
the case with a variety of other substances (10). 

Earlier work by Murphy and Rous (11) has shown that in order 
to produce Chicken Tumor 1 in the embryo the agent must be brought 
into contact with mesodermal tissue. It is reasonable to suppose 
that young and actively growing connective tissue will be more sus- 
ceptible than older tissues to the influence of the tumor agent. This 
supposition is supported by the above experiments. They would 
also suggest that it is the reaction to injury rather than the injury as 
such which renders a tissue susceptible to the tumor-producing activity 
of the agent. 


SUMMARY. , 

A localization out of the blood stream of the agent causing a chicken 
tumor, with the subsequent development of the growth can be brought 
about in the breast muscle, by inducing in this tissue a reaction by 
such substances as Scharlach R, tar, embryonic tissue and kieselguhr. 
Localization in the reaction tissue elicited by kieselguhr takes place 
relatively infrequently. The earlier stages of the reaction induced 
by these substances localize the tumor agent more regularly than the 
later stages of the reaction. 
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EXPLANATION OF PLATES. 

Plate 19. 

Fig. 1. Localization of Chicken Tumor 1 in a region injected with Scharlach R 
in olive oil. Clear spaces which contained the Scharlach R are surrounded by 
young connective tissue, and lying alongside is a mass of tumor tissue. 

Fig. 2. Localization of chicken tumor in a region injected with tar. Clear 
spaces indicate position of tar, and in between these is much young connective 
tissue. In the center is the tumor nodule. The dark spots are more or less 
damaged muscle fibers. 

Plate 20. 

Fig. 3. Area of kieselguhr reaction in chicken muscle. This is composed mainly 
of giant cells with very little connective tissue. There is no localization of the 
tumor agent. 

Fig. 4. Localization in a region of embryoma formation. A well formed tumor 
nodule is seen above, and below is a mixture of embryonic tissues, composing the 
embiyoma. 
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THE EFFECT OF DIGESTS OF PURE PROTEINS ON CELL 
PROLIFERATION. 


By LILL IAN E. BAKER, Ph.D., axd ALEXIS CARREL, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research .) 

(Received for publication, December 2, 1927.) 

It has been reported that fibroblasts, epithelial cells, and leucocytes 
display great proliferative activity when cultivated in the peptic 
digestion products of proteins. 1 That statement was based on experi- 
ments with digests of complex substances, such as embryo pulp, egg 
white, commercial ox fibrin, and Witte’s peptone. In order to ascertain 
conclusively whether cell multiplication was due to the hydrolytic 
products of the proteins themselves, or to other substances in the 
material used, the experiments were repeated with proteins which 
were purified before being hydrolyzed. For this purpose, fibrin, 
egg albumin, and edestin were used, because the digestion products of 
commercial fibrin have been found to possess a greater growth- 
promoting effect than any other substance, and because egg albumin 
and edestin may be purified by crystallization. 

Effect of Split Products of Fibrin on Cell Proliferation. 

The fibrin was prepared from both ox and rabbit blood. The ox blood was 
citrated by drawing it into a 2.5 per cent sodium citrate solution in 0.9 per cent 
salt solution, using 100 cc. per liter of blood. The rabbit blood was taken in 
paraffined tubes and kept in ice to prevent coagulation. After centrifugation of 
the blood, the upper layers only were drawn off and again centrifuged in order 
to eliminate all the corpuscles from the plasma. The fibrin was precipitated by 
half saturation with sodium chloride and washed three times with a half saturated 
salt solution, three times with 0.9 per cent sodium chloride, and then with large 
volumes of water. The dry fibrin was digested for 24 hours at 40°C., 2.5 gm. 
of fibrin being suspended in 40 cc. of 0.5 per cent pepsin in n/ 20 HC1. Since 
some fibrin remained undigested, a large proportion of the primary split products 
was obtained in this way. The solutions were neutralized with n/ 1 NaOH, 

1 Carrel, A., and Baker, L. E., J. Exp. Med., 1926, xliv, 503. 
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Text-Fig. 1. Experiment 9162 D. Comparison of the growth of fibroblasts 
from fresh embiyo heart in a digest of purified ox fibrin, with that in embryo 
juice and Tyrode solution. 



LILLIAN E. BAKER AND ALEXIS CARREL 


355 


boiled to one- half volume in order to remove the coagulable substances and expel 
the toluene which was used as a preservative. After determination of the 
cryoscopic point, the solution was brought to isotonicity and a pH of 7.4. These 
digests were tested at various concentrations on fibroblasts from embryonic 



Text-Fig. 2. Experiment 3606 A. Comparison of the growth of fibroblasts 
from fresh embryo heart in a digest of purified rabbit fibrin, with that in embryo 
juice and Tyrode solution. 

heart cultivated in flasks according to the usual method, the fluid being placed 
on the surface of a coagulum of diluted plasma. Every 48 hours, the fluid was 
Tcmovcd, the culture washed with Tyrode solution, and fresh fluid supplied. 
The area of the colony was traced under a projectoscope and measured with a 
planimctcr. 
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The digest of purified ox fibrin, and also that of rabbit fibrin, at an 
N concentration of from 0.15 to 0.3, caused a large growth of fibroblasts 
from embryonic heart, as large or larger than that which occurred in 



Text-Fig. 3. Experiment 9225 D. Comparison of the growth of fibroblasts 
from fresh embryo heart in a digest of ox fibrin from filtered plasma, with that 
in embryo juice and Tyrode solution. The concentration of nitrogen in this 
digest was much less than in the previous ones. 


embryo juice (Text-figs. 1, 2; Table I). The results were entirely 
comparable with those obtained when commercial fibrin was used. 
It is evident, therefore, that the substances which cause this rapid 
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proliferation of cells are the hydrolytic products of fibrin and not the 
impurities contained in commercial fibrin such as blood corpuscles. 
One sample of ox plasma was filtered through a Berkefeld filter. As 
the filter soon became clogged, only a small amount of fibrin was 
obtained. The quantity was so small that only a dilute solution of the 
digest could be used in the culture medium at a nitrogen concentration 
of 0.04 per cent. Nevertheless, a considerable growth of fibroblasts 
occurred (Text-fig. 3) . 

Effect of Crystalline Egg Albumin Digests on Cell Proliferation. 

The egg albumin was purified by three crystallizations with ammonium sulfate. 
To remove the ammonium sulfate which previous experience had shown to be 
toxic even after long dialysis of the albumin, two methods were used. In the 
first, the crystals were washed three times for 24 hours with a solution of satu- 
rated sodium chloride containing 1 per cent acetic arid. This denatured part 
of the albumin. The second method consisted of recrystallization three times 
with a mixture of sodium and potassium sulfates, making a total of six crystalliza- 
tions. The albumin was finally dialyzed in very permeable collodion bags for 7 
days in running tap water and 3 days in distilled water. 

Several digests were made of this albumin, the quantity- of pepsin, 
the time of digestion, and the concentration of the solution being 
varied. Some crystalline albumin was coagulated by heat before 
digestion and the process interrupted as soon as the albumin was trans- 
formed into soluble material. A large proportion of primary split 
products was thus secured. The methods of preparing the digests 
are summarized in Table H. In all cases, the solutions were boiled 
and prepared in the same manner as the fibrin digests. These digests 
proved toxic at nitrogen concentrations as high as those used for the 
fibrin digests and therefore were diluted with Tyrode solution to a 
nitrogen concentration of 0.17 to 0.07 per cent before being used as a 
culture medium. They were tested in the manner outlined above on 
fibroblasts growing from embryonic heart. The increased area of 
growth of fibroblasts from fresh heart in the albumin digests over that 
of control tissues in Tyrode solution varied from 75 to 400 per cent, 
according to the digest used (Table 11 1 ). Some of the best results 
were obtained with digests prepared from heat denatured albumin. 
In order to ascertain whether this previous denaturation influenced 
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the nutritive value of the digests, two preparations were made (x-512 
and x-5 13) from the same solution, under identical conditions except 
that one (x-512) was first denatured by heating in n/ 100 HC1 solution 
for 15 minutes at 60°C. No differences were found in their nutritive 
effect. 

The digests of crystalline albumin did not, however, promote as 
large or rapid a growth of fibroblasts as is caused by the digests of 
fibrin or by embryo juice. The area of growth was about equal to, 
but not as dense as that in embryo juice diluted to 50 per cent of its 
usual concentration (Table IV). Moreover, the cells of the controls 
in the diluted embryo juice remained in normal condition, while those 
in the digests finally degenerated, an evidence that although the 
albumin split products cause growth, they are incomplete from the 
nutritive standpoint. 

The deficiency of the egg albumin digests was still more evident 
when a 15 year old strain of chicken fibroblasts was used in the experi- 
ments. The growth in the albumin digests was very much smaller 
than that of the controls in embryo juice, and only slightly greater 
than that of the controls in Tyrode solution. In all cases, the growth 
ceased after a few days, the cells became filled -with fat, and the 
plasma clot usually liquefied immediately around the tissue, making 
it impossible to secure accurate quantitative data. It is probable 
that the larger growth of the fibroblasts from embryonic heart is due 
to the presence in the fresh tissue of some substances which are needed 
to supplement the nutritive action of the digestion products of crys- 
talline egg albumin. 

Effects on Cell Proliferation of Digests of Crystalline Egg Albumin and 
Casein Supplemented by Glycocoll and Nucleic Acid. 

It seemed probable that the great differences in the nutritive value 
of the digests of fibrin and of crystalline egg albumin might be due to 
the difference in their amino acid content. Since crystalline albumin 
contains no glycocoll, the addition of sufficient glycocoll 2 solution to 
bring its concentration up to that of the fibrin digests was tried, and 

2 The glycocoll solution contained SO mg. of crystalline glycocoll in 100 cc. of 
Tyrode solution. It was sterilized by filtration through a Berkefeld filter. 
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also the addition of a digest of gelatin, 3 a protein particularly rich in 
glycocoll. For these experiments, a pure strain of sarcomatous 
fibroblasts of the rat was used, since it was the only pure strain of 
fibroblasts immediately available which did not cause liquefaction of 
the coagulated plasma. These cells grew very slightly in the digest 
of crystalline albumin, in fact, hardly any more than when cultivated 
in Tyrode solution. The addition of glycocoll increased the rate of 
growth about 70 per cent (Text-fig. 4, Table V), and the gelatin digest 
about 61 per cent. Similar results were obtained when the experi- 



Text-Fig. 4. Experiment 6140 C. ESect of the addition of glycocoll to a 
digest of crystalline egg albumin on the rate of growth of sarcomatous fibro- 
blasts of the rat. 


ments were repeated with digests of casein 4 which contains only an 
exceedingly small quantity of glycocoll (Table VI), showing beyond 
doubt that glycocoll is an essential component of the culture medium, 

3 The gelatin digest was prepared by incubating 5 gm. of gelatin with 1 gm. of 
pepsin in 200 cc. of k/ 20 HC1 at 37°C. for 24 hours. It was neutralized, boiled, 
and adjusted for cultures as usual. It contained 0.45 per cent of nitrogen and 
0.048 per cent of amino nitrogen. Before use on the cultures, it was diluted to 
0.25 per cent of nitrogen. 

4 The casein digest was prepared by incubating 10 gm. of casein at 37°C. for 
24 hours, with 0.5 per cent of pepsin in 200 cc. of n/ 20 HC1. This was also 
neutralized, boiled, made isotonic, etc. It was diluted to 0.4 per cent of nitrogen 
before being used on the cultures. Its ratio of total to amino nitrogen was 7.2, 
and 67 per cent of its nitrogen was in the form of proteose. 
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either as such, or in peptide form, and that one of the reasons for tl: 
different nutritive actions of protein digests lies in their varyin 
amino acid content. 



Text-Fig. 5. Experiment 6162 C. Effect of the addition of nucleic acid t 
a mixture of glycocoll and a digest of crystalline egg albumin on the rate c 
growth of sarcomatous fibroblasts of the rat. The tissue having the nucleic aci 
in its medium grew uniformly through two passages, while the control in glycoco 
and albumin digest died at the end of the 1st passage. 

However, even after the addition of glycocoll, the growth was smal 
and the tissues survived only a few days longer than in Tyrode solu 
tion. Then, thymus nucleic acid 6 was added to the medium. Thi 

6 The thymus nucleic acid solution contained 0.1 gm. of nucleic acid in 100 cc 
of Ringer’s solution, n/1 NaOH was added to dissolve it and bring the pH t< 
7.4. It was sterilized by filtration through a Berkefeld filter. 



Casein digest, 
glycocoll and. 
nucleic acid 


Casein digest 
and glycocoll 


Text-Fig. 6. Experiment 9454 D. Effect of the addition of nucleic arid 
to a mixture of glycocoll and a digest of casein, on the rate of growth of sarco- 
matous fibroblasts of the rat. 


Glycocoll 
■Nucleic acid 
Casein digest 


Tyrode solution 


Text-Fig. / . Experiment 9504 D. Growth of a 15 year old strain of normal 
chicken fibroblasts in a mixture of glycocoll, casein digest, and nucleic acid. 




362 


PROTEIN DIGESTS ON CELL PROLIFERATION 


greatly improved its nutritive value (Text-fig. 5). An additional in- 
crease of approximately 97 per cent in the area of growth was obtained 
when nucleic acid was added to a mixture of crystalline egg albumin 
digest and gly cocoll (Table VII), and an additional increase of approxi- 
mately 193 per cent when it was added to a mixture of glycocoll and 
casein digest (Table VIII). In fact, the strain of malignant fibro- 
blasts grows at a rapid rate in the very simple mixture of just three 
substances: digest of casein or crystalline egg albumin, glycocoll, 
and thymus nucleic acid dissolved in Tyrode solution. Growth in a 
mixture of the three substances was better than in any two of them 
(Tables IX and X). Not only did the presence of nucleic acid in- 
crease the rate of growth, but it also greatly lengthened the time of 
survival of the tissues. In the digest of crystalline egg albumin, 
glycocoll, and nucleic acid, colonies of the sarcomatous fibroblasts 
have grown actively for more than 20 days. In the mixture of 
glycocoll, nucleic acid, and casein digest, some of the cultures were 
still active after more than a month. The colonies have been divided 
several times, showing that a considerable increase in the mass of the 
tissues has occurred. Still more encouraging is the fact that the cells 
remained in normal condition throughout the experiment, although 
the rate of growth was much less than that of colonies cultivated in 
embryo juice. Many other substances have been added to this 
simple medium, such as iron, vitamines, salts, cystine, cholesterol, etc., 
but as yet no conclusive evidence of their nutritive value has been 
obtained. 

Effect of Vegetable Protein Digests on Cell Multiplication. 

Since both crystalline egg albumin and casein, which have been 
used in the synthetic media, are deficient in glycocoll experiments 
were undertaken with digests of edestin which is rich in glycocoll 
and can also be crystallized. Crystalline edestin obtained from 
Hoffman-La Roche was used. Digests of this protein 0 were found to 
promote the proliferation of rat sarcomatous fibroblasts much more 
actively than either those of casein or crystalline egg albumin. It is 

6 The edestin digest was prepared by digesting 2.5 gm. of crystalline edestin 
in 100 cc. of 0.5 per cent pepsin in n/20 HC1 for 20 hours. It was also neutralized, 
boiled, and made isotonic. 
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TABLE I. 


Comparison of the Rale of Growth of Fibroblasts from Embryo Heart in Embryo 
Juice and in a Digest of Purified Fibrin. 


Experiment No. 

Prepara- 
tion No. 

Nitrogen 

concentra- 

tion 

Time of 
growth 

Area 7 of 
growth in 
embryo 
juice. 
Control 

Area 7 oi 
growth in 
fibrin 
digest. 
Experiment 

Ratio: 
area of 
experi- 
ment to 
area of 
control 

Remaits 



Per cent 

days 



mm 


606S C 1-2 

x-525 


8 

87 

83 

EEl 

Ox fibrin 

6017 C 1-3 

x-525 

m 

7 

72 

126 

HH 


3606 A 1 

x-168 


7 

200 

356 

1.78 

Rabbit “ 

3606 A 2 

x-468 

0.13 

7 

200 

240 

1.20 


3606 A3 

x-468 

0.30 

7 

200 

194 

0.97 


3600 A 4 

x-468 

0.15 

7 

200 

170 

0.85 

u (C 

9162 D 1 

x-467 

0.15 


370 

460 

1.24 

Ox “ 

9162 D 2 

x-467 


10 

370 

480 

1.30 

U ft 


1.26 






TABLE II. 

Methods of Preparing Albumin Digests. 


Prepa- 

ration 

No. 

Kind of albumin 

Preliminary treatment 

Vol- 
ume of 
solu- 
tion 
used 

Pepsin 

Concen- 
tration 
of HC1 

Time 

of 

diges- 

tion 

Ratio: 
total to 
amino 
nitro- 
gen 

x-360 

Crystallized 3 times. 

Coagulated by heat 

cc. 

200 


s/20 

hrj. 

5 

4.7 

x-383 

Washed, 1 per 
cent acetic in 
saturated NaCl. 

it if 

Acid denatured 

60 

0.5 

s/30 

4 

7.1 

x-302 

tt it 

<1 ft 

50 

Ela 

s/20 

5 

8.2 


(f it 


72 

1 

s/20 

10 

6.5 

x-504 

tt it 

Denatured by heat 

72 

13 

s/20 

5 

7.1 

s-512 

Crystallized 6 

tt It tt 

SO 

tn 


15 

6.5 

x-513 

limes, 3 from 
Na : SO« and 

3 from K;SO t 

(I H 

Mot denatured 

SO 

0.5 

s/20 

15 

6.4 

x-534* 

it tt 

Coagulated by heat 

200 

0.25 

m 

7 

6.7 


1 This is the area in square centimeters of the projected image of the colony 
of cells, and is 62 times the size of the colony. 

* 72 per cent of the nitrogen of this preparation was precipitated by saturated 
sodium sulfate at 37 C C. Therefore, it consisted largely of proteose. 


















TABLE III, 


Effect of Digests of Crystalline Egg Albumin on the Rate of Growth of Fibroblasts 
from Embryonic Heart. Tyrodc Solution Used as Control. 


Experiment 

No. 

Prepara- 
tion No. 

Ratio: 
total N to 
amino N 

Nitrogen 

concentra- 

tion 

Time oi 
growth 

Area’ of 
growth in 
Tyrode 
solution. 
Control 

Area 1 of 
growth in 
albumin 
digest. 
Experiment 

Ratio: 
increased 
area of 
experiment 
to control 

8816 D 

X-360 

4.7 

0.085 

days 

7 

50 

210 

4.2 

3922 C 

x-360 

4.7 

0.085 

8 

90 

170 

1.9 

3922 C 

x-360 

4.7 

0.170 

9 

110 

353 

3.2 

3353 A 

x-360 

4.7 

0.085 

8 

110 

170 

1.5 

3353 A 

x-360 

4.7 

0.170 

8 

110 

270 

2.5 

3961 C 

x-360 

4.7 

0.170 

10 

70 

140 

2.0 

3968 C 

x-360 

4.7 

0.170 

4 

38 

68 

1.8 

8818 D 

x-360 

4.7 

0.170 

5 

49 

95 

1.9 

3347 A 

x-360 

4.7 

0.170 

5 

4S 

98 

2.0 

3991 C 

x-383 

7.1 

0.120 

7 

55 

268 

4.9 

9240 D 

x-502 

8.2 

0.070 

6 

50 

88 

1.8 

9240 D 

x-503 

6.5 


6 

50 

95 

1.9 

9240 D 

x-504 

7.1 

1 

6 

50 

95 

1.9 

4855 C 

x-513 

6.4 


9 

10 

47 

4.7 

4855 C 

x-512 

6.5 

0.120 

9 

10 

70 

7.0 

4909 C 

x-512 

6.5 

0.120 

7 

15 

61 

4.0 

4909 C 

x-S13 

6.4 

0.120 

7 

15 

60 

4.0 

4828 C 

x-512 

6.5 

0.120 

9 

10 

46 

4.6 

4828 C 

x-513 

6.4 

0.120 

9 

10 

3S 

3.8 

Average. 
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TABLE IV. 


Comparison of the Effect of Digests of Crystalline Egg Albumin and of Embryo 
Extract Diluted SO Per Cent on the Rate of Growth of Fibroblasts from Fresh 

Embryo Heart. 
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rt 
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e> 
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H 

rt P o 
£ 
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* 

H rt W 

Ratio 
peri 
of c< 





mm 

days 






4855 C 

x-512 

Ilia 

9 

57 

70 

1.23 

Thin growth in experiments 

4828 C 

x-512 

EZ9 

9 

45 

46 

1.02 

“ 

a it it 



0.12 

7 

52 

61 

1.17 


a it tt 

4854 C 

x-512 

0.12 

10 

28 

32 

1.14 

tt 

tt ft tt 

4855 C 

x-513 

0.12 

9 

57 

47 

0.82 

it 

tt tt tt 

4828 C 

x-513 

0.12 

9 

45 

38 

0.84 

it 

tt tt it 

4909 C 

x-513 

0.12 

mm 

52 

60 

1.15 

it 

a tt a 

4854 C 


0.12 

El 

28 

29 

1.03 

it 

it tt tt 

Averatre 

1.05 
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TABLE V. 


Effect of the Addition of Glycocoll to a Digest of Crystalline Egg Albumin 8 on the 
Rate of Growth of Sarcomatous Fibroblasts of the Rat. 


Experiment 

No. 

Preparation 

No. 

: 

Nitrogen 

concentration 

i 

Time of 
i growth 

Area 1 
of growth. 
Control* 

Area* 
of growth- 
Experiment 1 ® 

Ratio: area 
of 

experiment 
to area 
of control 



percent 

days 




6171 C 

x-534 

0.13 

9 

84 

103 

1.23 

6172 C 

x-534 

0.13 

9 

42 

61 

1.45 

6142 C 

x-534 

0.13 

9 

27 

36 

1.33 


x-534 

0.13 

9 

24 

53 

2.20 

6092 C 

x-534 

0.13 

7 

18 

47 

2.61 


1.76 




TABLE VI. 


Effect of the Addition of Gelatin Digest to Casein Digest on the Growth of Sarcomatous 

Fibroblasts of the Rat. 


Experiment 

No. 

Preparation 

No. 

Nitrogen 

concentration 

Time of 
growth 

Area* 
of growth- 
Control 1 * 

Area’ 
of growth- 
Expcriment 0 

Ratio: area, 
of 

experiment 
to area of 
control 


WKm 

percent 

day j 




455 H 

m 

0.323 

4 

i 

16 

35 

2.18 

476 H j 

H 

1 0.323 ] 

9 

31 

j 

44 

1.42 

480 H 

■ 

0.323 

| 

7 

18 

28 

1.56 

481 H 

H 

0.323 

7 

17 

22 

1.29 


Average. 


1.61 


8 The control medium consisted of 1 cc. of albumin digest and 2 cc. of Tyrode 
solution. 

1 0 The experimental medium consisted of 1 cc. of albumin digest, 1 cc. of Tyrode 
solution, and 1 cc. of glycocoll solution. 

11 The control medium consisted of 1 cc. of casein digest and 1 cc. of Tyrode 
solution. 

15 The experimental medium consisted of 1 cc. of casein digest and 1 cc. of 
gelatin digest. 
























TABLE VII. 


Effect of the Addition of Nucleic Acid to a Mixture of Crystalline Egg Albumin 
Digest 8 and Glycoooll on the Rate of Growth of Sarcomatous Fibroblasts of 

the Rat. 


Experiment 

No. 

Prepara- 
tion No. | 

Nitrogen 

concen- 

tration 

Time of 
growth 

Area* 
of growth. 
Control'* 1 

i 

Area* 
of growth. 
Experi- 
ment’ 1 

Ratio: 
area of 
experi- 
ment to 
area 

of control 

Remarks 



per cent 

days 






( x-534 







6162 C 

jx-551 

0.1 

9 

58 

108 

1.87 

1st passage 


[x-554 








(x-534 







6162 C 

jx-551 

0.1 

9 

No growth 

104 


2nd “ 


[x-554 








(x-534 


! 





6163 C 

jx-551 

0.1 

9 

53 

110 

2.07 



[x-554 



' 





1.97 





TABLE VIII. 


Effect of the Addition of Nucleic Acid to a Mixture of Casein Digest and Glycocoll 
on the Rate of Growth of Sarcomatous Fibroblasts of the Rat. 


Experiment 

No. 

Preparation 

No. 

Nitrogen 

concentration 

Time of 
growth 

Area* 
of growth. 
Control '* 

Area* 
of growth. 
Experiment '« 

Ratio: area 
of 

experiment 
to area of 
control 


1 

fx-539 

percent 

days 




9488 D 


x-551 

x-554 

fx-539 

0.14 

8 

14 

31 

2.22 

9492 D 

1 

x-551 

x-554 

fx-539 

0.14 

8 

15 

4S 

3.20 

9441 D 


x-551 

,x-554 

r x-539 

0 14 

6 

40 

37 

0.92 

9454 D 

1 

x-551 

x-554 

0.14 

S 

10 

54 

5.40 


Average. 


2 93 


13 The control medium consisted of 1 cc. of albumin digest, 1 cc. of glycocoll 
solution, and 1 cc. of Tyrode solution. 

14 The experimental medium consisted of 1 cc. of albumin digest, 1 cc. of 
glycocoll solution, and 1 cc. of nucleic acid solution. 

15 The control medium consisted of 1 cc. of casein digest, 1 cc. of glycocoll 
solution, and 1 cc. of Tyrode solution. 

10 The experimental medium consisted of 1 cc. of casein digest, 1 cc. of glycocoll 
solution, and 1 cc. of nucleic acid solution. 
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TABLE IX. 


Effect of the Addition of Casein Digest to a Mixture cf Nucleic Acid and Glycocoll 
on the Rate of Growth of Sarcomatous Fibroblasts of the Rat. 


Experiment 

No. 

Preparation 

No. 

Nitrogen 

concentration 

Time of 
growth 

Area 7 
of growth- 
Control 17 

Area 7 
of grOTrtb. 
Experiment 12 

Ratio: area 
of 

experiment 
to area of 
control 



ter cent 

deys 





(x-539 






6196 C 

*-551 

0.14 

9 

34 

74 

2.18 


[x-554 







f x-539 






6219 C 

•I x-551 

0.14 


46 

78 

1.70 


[x-554 


1 





1.94 




TABLE X. 

Effect of the Addition of Glycocoll to a Mixture of Casein Digest and Nucleic Acid 
on the Rate of Growth of Sarcomatous Fibrollasts of the Rat. 


Experiment 

No. 

Preparation 

No. 

Nitrogen 

concentration 

Time of 
growth 

Area 7 
of growth. 
Control 1 * 

Area 7 
of growth. 
Experiment 73 

Ratio: area 
of 

experiment 
to area of 
control 




ter cent 

day r 






x-539 






9463 D 


x-551 

0.14 

9 

29 

44 

1.52 



x-554 








\ x-539 






9472 D 


, x-551 

0.14 

7 

28 

39 

1.39 



[x-554 



j 





x-539 






9443 D 


x-551 

0.14 

8 

41 

73 

1.78 



[x-554 






Average 

1.56 



*' The control medium consisted of 1 cc. of nucleic acid solution, 1 cc. of glyco- 
coll solution, and 1 cc. of Tyrode solution. 

18 The experimental medium consisted of 1 cc. of nucleic acid solution, 1 cc. 
of glycocoll solution, and 1 cc. of casein digest. 

18 The control medium consisted of 1 cc. of casein digest, 1 cc. of nucleic arid 
solution, and 1 cc. of Tyrode solution. 

The experimental medium consisted of 1 cc. of casein digest, 1 cc. of nucleic 
acid solution, and 1 cc. of glycocoll solution. 
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TABLE XI. 

■Effect of a Mixture of Protein Digest , Glycocoll , and Nucleic Acid on the Growth of 
Normal Fibroblasts. Tyrodc Solution Used as Control. 


Experiment No. 

Preparation No. 

Nitrogen concentra- 
tion 

Time of growth 

Area 7 of growth. 
Control 

Area 7 of growth. 
Experiment 

Ratio; area of ex- 
periment to area 
of control 

Remarks 



i>tr cent 

days 






fx-539 







3847 A 

jx-551 

0.14 

5 

66.5 

95.4 

1.43 

Pure strain of chicken fibre- 


[x-554 






blasts; casein digest 


fx-534 






Pure strain of chicken fibre- 

3830 A 

jx-551 

0.10 

6 

28 

56 

2.00 

blasts; crystalline egg albu- 


[x-554 






min digest 


fx-551 






Pure strain of rat fibroblasts; 

3917 A 

j x-608 

0.06 

7 

40 

98 

2.45 

crystalline egg albumin 


[x-653 


1 


. 


digest 


fx-539 







3881 A 

jx-551 

0.14 

5 

28 

42 

1.50 

Pure strain of chicken fibre- 


[x-554 






blasts; casein digest 


fx-539 







9304 D 

jx-551 

0.14 

10 

64 

280 

4. 38 

Pure strain of chicken fibre- 


[x-554 






blasts; casein digest 


fx-551 







144 G 

j x-554 

0.14 

<3 

14 

42 

3.00 

Pure strain of chicken fibre- 


[x-562 






blasts; casein digest 


fx-539 







6298 C 

jx-551 

0.14 

8 

70 

135 

1.93 

Fibroblasts from chicken cm- 


[x-554 






bryo heart; casein digest 


fx-539 







6298 C 

jx-551 

0.14 

8 

105 

205 

1.95 

Fibroblasts from chicken em- 


[x-554 






bryo heart; casein digest 

Average 

2.33 
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interesting to note that the digestion products of a vegetable protein, 
as "well as those of animal origin, can he used by these cells. This 
was also found to be true of the gluten of wheat. In addition, normal 
chicken fibroblasts also proliferate in digests of both of these proteins. 

j Effects of Artificial Media on Normal Tissues. 

Although the effect of adding glycocoll and nucleic add to digests 
of proteins was tested on a strain of sarcomatous fibroblasts of the rat, 
it was also demonstrated that a pure strain of normal chicken fibro- 
blasts will grow for a limited period in a mixture of protein digest, 
nucleic add, and glycocoll. Text-fig. 7 gives the curve of growth for 
a strain of normal fibroblasts in casein digest, nucleic add, and gly- 
cocoll. Similar results have been obtained with crystalline egg albu- 
min digest, glycocoll, and nucleic add. Although the rate of growth 
of normal fibroblasts is much larger in this artificial medium than in 
Tyrode solution (Table XI), the cells accumulate dark granulations 
in their cytoplasm, and die after 8 or 10 days. Liquefaction of the 
plasma clot often occurs. These cells seem to be more sensitive to the 
defidendes of the artifidal media than do the sarcomatous fibroblasts 
of the rat. 

CONCLUSIONS. 

1. The pepsin hydrolytic products of the pure proteins, crystalline 
egg albumin, crystalline edestin, and purified fibrin, are utilized by 
fibroblasts for their proliferation. It appears, therefore, that the 
growth of fibroblasts in fibrin digests and in the proteose of Witte’s 
peptone is due to the split products of the protein itself and not to 
accompanying cellular constituents or other impurities. Preliminary 
dcnaturation of the protein, as carried out in these experiments, does 
not alter the nutritive properties of the digest. 

2. The digests of the pure proteins employed are defident in certain 
substances and do not meet the entire nutritive requirement of the 
cells for an unlimited period of time. Some supplementary nutritive 
substances are present in fresh embryonic heart tissue. This cir- 
cumstance explains the growth of fibroblasts from fresh embryonic 
heart in digests which do not promote the growth of a pure strain of 
fibroblasts. 
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3. Glycocoll and nucleic acid have been found to supplement the 
nutritive action of pure protein digests for sarcomatous fibroblasts, 
and to increase greatly the length of life of the tissues. 

4. Vegetable proteins, as well as animal proteins, yield proteolytic 
products which promote the multiplication of fibroblasts. 



EFFECT OF LIVER AND PITUITARY DIGESTS ON THE 

PROLIFERATION OF SARCOMATOUS FIBROBLASTS 
OF THE RAT. 

By LIL LI AN E. BAKER, Ph.D., axb ALEXIS CARREL, AI.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, December 23, 1927.) 

Since the experiments reported in the preceding paper 1 showed that 
the hydrolytic products of pure proteins do not support the indefinite 
proliferation of fibroblasts, and that they need to be supplemented by 
some substance present in fresh tissues, it seemed probable that a 
more complete nutritive medium might be obtained from the digests 
of certain tissues or glands instead of from pure proteins. The pur- 
pose of this paper is to describe the effects of the peptic digestion prod- 
ucts of calf liver and the anterior lobe of the pituitary gland on the 
growth, not of fresh tissues, but of a pure strain of sarcomatous cells 
after several months of life in vitro. 

Preparation of the Digests. 

The liver digest was prepared by incubating 16 gm. of strictly fresh, finely 
ground liver for 20 hours at 37 8 C. in 200 cc. n/ 20 HC1, containing 1 gm. of Fair- 
child's pepsin and a few drops of toluene. After incubation, the pH was brought 
to 7.0 by the addition of x/1 NaOH and the solution boiled to half its volume. It 
was then rendered isotonic and adjusted to pH 7.4. The ratio of total to amino 
nitrogen in the completed preparation was 2.8. It contained 0.32 per cent nitro- 
gen; of this nitrogen, 36.2 per cent was present as proteose, 56 per cent as peptone, 
and 7.8 per cent as lower split products. 2 There was no meta-protein present. 
About 7.8 per cent of the nitrogen was precipitated by 2 per cent trichloracetic 
acid. This fraction has been classed as proteose 3 * * rather than as protein, although 

1 Carrel, A., and Baker, L. E., J. Exp. Med., 1928, xlvii, 353. 

2 Duplicate preparations vary to a slight extent. All of them, except one which 
contained considerable fatty material and a suspension of heat coagulated material 
too fine to centrifuge out, have supported a large growth of sarcomatous fibroblasts. 

3 It is believed that the substances precipitated by 2 per cent of trichloracetic 

acid cannot be classed as protein, but rather as proteose, for the authors obtain 
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Wasteneys and Boorsook, whose method of analysis was employed, are of the 
opinion that it should be classed as protein. 4 Before being used in the culture 
medium, this digest was diluted with 7 parts Tyrode solution, making the con- 
centration of nitrogen 0.04 per cent. 

The pituitary digest 6 was prepared by incubating 12 gm. of the finely ground 
anterior lobe of pituitary glands of calves or steers in 120 cc. of 0.5 per cent pepsin , 
in n/20 HC1 for 16 hours. After digestion, the pH was brought to 7.0 and the 
solution boiled to half its volume, centrifuged, rendered isotonic, and finally 
adjusted to pH 7.4. The completed preparation contained 0.37 per cent total 
nitrogen, 36.3 per cent of which was present as proteose. The ratio of total to 
amino nitrogen was 3.4. The mixture was diluted with Tyrode solution to varying 
concentrations (Table I) before being used in the culture medium. 

Preparation of Cultures. 

The digests were tested on a pure strain of malignant fibroblasts of the rat, 
isolated from Crocker Foundation Sarcoma 10. The colonies were cut into two 
equal parts, one of which was cultivated in embryo juice as a control, and the other 
in the experimental fluid. Flasks 3 cm. in diameter were used. The plasma clot 
was formed by mixing 1 cc. of plasma previously diluted with 2 parts of Tyrode 
solution and a few drops of embryo juice. As soon as coagulation took place, the 
clot was washed for half an hour with 3 cc. of Tyrode solution and then 0.5 cc. of 
the experimental and control fluids was added. Every 4S hours, the cultures were 
washed with 3 cc. of Tyrode solution for half an hour, 0.5 cc. of nutritive fluids 
was added, and drawings were made, under a projectoscope, of the area of growth. 

Action of the Pituitary Digest on Sarcomatous Fibroblasts. 

The rates of growth of sarcomatous fibroblasts in the peptic digests 
of the anterior lobe of the pituitary and of their controls in embryo 
juice were approximately equal. Text-fig. 1 gives typical growth 
curves for the first passage of these tissues in a digest of calf pituitary 

a bulky precipitate containing 10 per cent of the total nitrogen present in digests 
of crystalline egg albumin which have been boiled previously to remove any 
remaining albumin. It was also shown that tins precipitate wasnot meta-protein, 
as the amount of meta-protein in the solutions was so small as to be almost negli- 
gible. Obviously, therefore, trichloracetic acid precipitates proteolytic products 
other than protein and meta -protein. This is in accord with the work of Hiller, 
A., and Van Slyke, D. D., J. Biol. Client., 1922, liii, 253. 

4 Wasteneys, H., and Boorsook, H,, J. Biol. Client., 192 4, Lxii, 1. 

6 Duplicate preparations of these digests have varied slightly in composition. 
All have, however, caused a large growth of sarcomatous fibroblasts. 




Text-Fig. 1. Experiment 280 H. Rate of growth of sarcomatous fibroblasts 
of the rat m a digest of the anterior lobe of pituitary gland, and in embryo juice. 



Text-Fig. 2. Experiment 6211 C. Rate of growth of sarcomatous fibroblasts 
of the rat during three successive passages in an ether extracted digest of anterior 
lobe of pituitary gland. Control tissues in embryo juice. 
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Text-Fig. 3. Experiment 6130 C. Rate of growth of sarcomatous fibro- 
blasts of the rat in a digest of the anterior lobe of the pituitary and in the same 
digest extracted ten times with ether. 




Text-Fig. 4. Experiments 9546 D and 9590 D. Rate of growth of sarcoma- 
tous fibroblasts of the rat during two passages in calf liver digest. 
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and in embryo juice. The results of sixteen experiments at different 
concentrations of nitrogen are summarized in Table I. Similar re- 
sults rcere obtained with many different preparations. No differences 
were observed between the action of the digests of calf pituitary and 
of those of steer. Not only was the rate of growth in the pituitary 
digest as great as in embryo juice, but the cells remained in excellent 

TABLE I. 


Comparison of the Rates of Growth of Sarcomatous Fibroblasts of the Rat in Embryo 
Juice and in a Digest of Anterior Lobe of Pituitary. 


■ 

Prepara- 
tion So 

Nitrogen 

concen- 

tration 

Time of 
growth 

Area* of 
growth in 
embryo 
juice. 
Control 

Area* of 
growth in 
pituitary 
digest 
Experi- 
ment 

Ratio of 
area of 
growth in 
experiment 
to area in 
control 

Remarks 



per cent 

days 






280 H 

x-496 

0 25 

10 

135 

124 

0 91 

Steer pituitary 

232 H 

x-496 

0 25 

8 

63 

65 

1 03 

ft 

It 

272 H 

x-496 

0 25 

8 

81 

94 

1.16 

“ 

ft 

4979 C 

x-518 

0 016 

9 

85 

64 

0 75 

Calf 

it 

4979 C 

x-518 

0 016 

9 

67 

66 

0 99 

“ 

ft 

292 H 

x-518 

0 032 

7 

82 

72 

0 88 

(t 

if 

292 H 

x-518 

0 016 

7 

42 

68 

1 62 

H 

It 

4923 C 

x-518 

0 06 

10 

90 

85 

0 94 

1C 

Cl 

298 H 

x-518 

0 20 

11 

127 

114 

0 90 

(( 

« 

293 H 

x-519 

0 03 

7 

38 

36 

0 95 

Steer 

ft 

298 H 

x-519 

0 20 

n 

115 

114 

0 99 

tt 

ft 

6143 C 

x-519 

0 08 

8 

90 

88 

0 9S 

ft 

it 

4923 C 

x-519 

0 25 

10 

66 

64 

0 97 

ft 

ft 

4923 C 

x-519 

0.06 

10 

29 

52 

1 79 

a 

ft 

320 H 

x-519 

0 03 

12 

78 

65 

0 83 

a 

It 

5031 C 

x-513 

0 03 

9 

61 

62 

1 02 

Calf 

if 

A\ crage ratio 

1 04 



condition as far as could be observed, and did not show the fatty 
degeneration characteristic of cells cultivated in pure protein digests. 
The same colonies continued to proliferate through many successive 
passages at a uniform rate. Text-fig. 2 shows three successive pas- 
sages of a colony in a digest that had been thoroughly extracted with 

/ This is the area in square centimeters of the projected image of the colony 
of cells, and is 62 times the size of the colony. 
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ether. It was thought that possibly the lipoids of the glands were 
furnishing some substance required by the cells which might explain, 
in part at least, the difference between digests of pure proteins and 
those of glandular material, 7 but evidently this is not the case. The 
cells multiplied as rapidly in digests of the pituitary which had been 
extracted ten times with ether as in embryo juice (Table II), or 
in a part of the same digest which was not extracted (Text-fig. 3, 
Table III). 

TABLE II. 


Rates of Growth of Sarcomatous Fibroblasts of the Rat in Ether Extracted Digest of 
Anterior Lobe of Pituitary and in Embryo Juice. 


Experiment 

No. 

Prepara- 
tion No. 

Nitrogen 

concen- 

tration 

Time of 
growth 

Area* of growth 
in embryo juice. 
Control 

Arca» of 
growth in 
pituitary 
digest. 
Experi- 
ment 

Ratio of 
area of 
growth in 
experiment 
to area in 
control 

Remarks 



percent 

days 





6132 C 

X-485 

■uiuem 

8 

118 

92 

0.78 

1st passage 

6158 C 

x-485 

BJ.'l 

10 

104 

107 

1.03 

it a 

6115 C 

x-484 

0.03 

11 

86 

S6 

1.00 

it a 

6115 C 

x-484 

0.03 

9 

No control 

93 


2nd “ 

6115 C 

x-4S4 

0.03 

S 

H (( 

96 


3rd “ 

6115 C 

x-4S4 

0.03 

6 

it it 

57 


4th “ 

6211 C 

x-484 

0.06 

11 

160 

100 

0.63 

1st “ 

6211 C 

x-484 

0.06 

10 

145 

130 

0.90 

2nd “ 

6211 C 

x-484 

0.06 

9 

127 

114 

0.90 

3rd “ 

Average ratio 

0.87 



Action of the Liver Digests on Sarcomatous Fibroblasts. 

The digests of liver gave even better results. In many cases, the 
rate of multiplication of the sarcomatous fibroblasts in the liver digest 
exceeded that of their controls in embryo juice (Table IV). ' The growth 
remained uniform throughout many successive passages (Text-fig. 4), 
with no change that could be noticed in the condition of the cells. A 
strain of these fibroblasts was kept in this medium for over 3 months, 
i.e., through ten passages, and was still proliferating as actively as 
those which had been cultivated in embryo juice. 

7 The experiments reported in the preceding paper 1 indicate that the presence 
of nucleic acid in digests of glandular material accounts in part for this difference. 
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TABLE m. 


Hales of Growth of Sarcomatous Fibroblasts of the Rat in a Digest of the Anterior Lobe 
of Pituitary and in the Same Digest Extracted with Ether Ten Times. 


Experiment 

No. 

m 

Nitrogen 

concen- 

tration 

i Time of 
i growth 

Area* of 
growth in 

1 pituitary 
digest. 
Control 

Area* of 
growth in 
ether 
extracted 
digest. 
Experiment 

Ratio of 
area of 
growth in 
experiment 
to area in 
control 

Remarks 



percent 

day r 



mm 


6130 C 

x-556 

0.04 

9 

104 

99 


1st passage 

6130 C 

x-556 

0.04 

9 

99 

115 

m 

2nd “ 

6133 C 

x-556 

0.02 

9 

77 

95 

1.23 

1st “ 

9424 D 

x-556 

0.02 

6 

29 

28 

0.96 

tt tt 

9444 D 

x-556 

0.04 

8 

56 

50 

0.89 1 

tt tl 


1.04 










TABLE TV. 


Rate of Growth of Sarcomatous Fibroblasts of the Rat in Calf Liter Digest. 

Cultivated in Embryo Juice. 


Controls 


Experiment 

No. 

Preparation 

No. 

Nitrogen 

concen- 

tration 

Time of 
growth 

Area* of 
growth in 
embryo 
juice. 
Control 

Area* of 
growth in 
liver 
digest. 
Experiment 

Ratio of 
area of 
growth in 
experiment 
to area in 
control 

Remarks 



Percent 

days 







x-5S3 

0.04 

17 

ISO 

162 

0.90 

1st passage 


x-583 

0.04 

9 

170 

100 

0.59 

ft 

(( 

9623 D 

x-583 

0.04 

7 

38 

80 

2.11 

2nd 

It 

9667 D 

x-583 

0.01 

5 

100 

50 

0.50 

3rd 

it 

9530 D 

x-583 

0.08 

12 

118 

144 

1.22 

1st 

tt 

9622 D 

x-583 

0.08 

7 

57 

79 

1.39 

2nd 

ft 

9666 D 

x-583 

0.08 

5 

96 

113 

1.18 

3rd 

tt 

9546 D 

x-583 

0.08 

7 

92 

129 

1.40 

1st 

u 

9590 D 

x-583 

0.08 

10 

157 

153 

0.97 

2nd 

tt 

9590 D 

x-583 

0.08 

10 

126 

151 

1.20 

<1 

ft 

9631 D 

x-5S3 

0 08 

6 

51 

87 

1.71 

3rd 

tt 

9631 D 

x-583 

0.08 

6 

48 

100 

2.08 

If 

it 

9659 D 

x-583 

0.08 

6 

37 

109 

2.95 

4th 

tt 

Avcrace ratio 

1.40 
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Action of Liver and Pituitary Digests on Normal Fibroblasts. 

When pure strains of normal chicken and normal rat fibroblasts 
were cultivated in the liver and pituitary digests, considerable pro- 
liferation of cells occurred. The rate of growth was not as great as 
in embryo juice and the cells finally underwent fatty degeneration. 
The normal tissue appears to be more sensitive to the deficiencies of 
the medium than the sarcoma tissue. Further experimentation is 
necessary before conclusions can be drawn concerning this difference 
in normal and sarcomatous cells. 

SUMMARY. 

1. A media containing all the essential constituents for the culti- 
vation in vitro of sarcomatous fibroblasts of the rat has been prepared 
by digesting calf liver and also the anterior lobe of the pituitary body 
with pepsin. 

2. The nutritive action of the pituitary digests is not altered by 
thorough extraction with ether. 

3. After a pure strain of sarcomatous fibroblasts had been culti- 
vated for 3 months in a liver digest, its proliferative activity was as 
great as at the beginning of the experiment. The same was true of the 
colonies cultivated for 1 month in a digest of pituitary gland. The 
increase in the volume of the colonies which takes place in the digests 
is about as great as that produced by chick embryo juice. 

4. Normal chicken fibroblasts also proliferate in both digests, but 
they undergo fatty degeneration after a more or less prolonged period 
of cultivation. 



ON THE ROLE OF CARBOHYDRATE HAPTENS IN 
BACTERIAL ANAPHYLAXIS. 

By JOSEPH TOMCSEK, M.D., asb T. J. KUROTCHEIX, M.D. 

(From the Department of Pathology, Peking Union Medical College, Peking, China.) 

(Received for publication, December 3, 1927.) 

Though the existence of bacterial anaphylaxis was demonstrated by Rosenau 
and Anderson (1) as early as 1907, subsequent investigators could not diminish 
the difficulties in producing a clear-cut anaphylactic shock with the majority of 
microorganisms. The main difficulty in the study of bacterial anaphylaxis is the 
primary toxicity of the bacterial protein. According to Doerr (2) the amount of 
bacterial antigen which produces shock in sensitized animals is negligibly smaller 
than the lethal dose for normal animals. More recently Zinsser and Parker (3) 
found that in guinea pigs sensitized passively with typhoid immune serum at least 
a minimal fatal dose of the typhoid extract is required to elicit in sensitized ani- 
mals acute shock with death. 

In the study of bacterial anaphylaxis many investigators have used suspensions 
of organisms, not extract, so the in vivo tests are complicated by the fact that these 
suspensions may produce symptoms even in untreated animals. This complica- 
tion can be obviated by using the Schultz-Dale method. Sherwood and Stoland 
(4) working with typhoid bacilli found that in some cases the sensitized uterus con- 
tracted after the addition of 0.25 cc. of bacterial extract, whereas the rnTnimum 
toxic dose was 1 cc. Since the uteri of the sensitized animals failed to react in 
many cases, they conclude, on the basis of comparative examinations, that more 
positive results can be obtained with the in vivo method and that the Dale test 
is not a necessary criterion of sensitization. Zinsser and Mallory (5) do not share 
this unfavorable opinion. They find that uterine reactions, like those obtained 
after sensitization with proteins, can be demonstrated in guinea pigs after both 
active and passive sensitization against alkaline extracts of pneumococci, but 
“The margin between the minimum doses which contract the normal and those 
which contract the sensitized uteri is incomparably smaller than that obtained in 
analogous experiments with .... egg albumen.” With regard to the difficulty 
of demonstrating bacterial anaphylaxis Zinsser and Mallory state: “it would seem 
to us that active sensitization is so difficult because the bacteria contain relatively 
little coagulable protein, and that in passive sensitization there is an apparently 
slower union of antibodies with the animal tissues than in the case of protein anti- 
bodies.” If this assumption is right we have little hope of improving our methods 
for the study of bacterial anaphylaxis, the difficulties being inherent in the nature 
of this phenomenon. It is conceivable however, that the primary toxic substance 
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of the bacteria is not necessarily identical with the specific antigenic part and that 
by suitable chemical separation it may be possible to isolate an atoxic specific 
constituent, responsible for the production of anaphylactic shock. With the dis- 
covery of specifically reacting polysaccharides in certain microorganisms a new 
field was opened for investigation. These substances, immunologically haptens, 
give powerful precipitation and complement fixation reactions with immune serum, 
but they do not lead to the formation of antibodies, when injected into animals. 
According to Doerr the anaphylactic antibodies against bacterial proteins are 
probably identical with the precipitins, since the power of an immune serum to 
confer passive sensitization is in proportion to its precipitin content. If this is 
true we should be able to produce anaphylactic shock with a carbohydrate hapten, 
since it has a remarkably high activity in precipitin reactions. 

As far as we are aware no experiments have been reported which show a 
difference between the sensitizing and shock-producing part of the antigen in typi- 
cal anaphylaxis. However in the classical investigations of Zinsser and his as- 
sociates it appears that such a difference exists in the related field of bacterial 
allergy. Zinsser and Parker (6) produced typical skin reactions with residue 
antigen in guinea pigs infected with tuberculosis. In later work Zinsser and Muel- 
ler (7), then Zinsser and Tamiya (8) succeeded in isolating from Bacillus tuber- 
culosis and the pneumobacillus an active material which produced a positive skin 
test and yet appeared to be different from the soluble specific substance. Both 
of these substances lack true antigenic activity, the substance producing skin 
reactions being a protein-free nitrogenous material, while the soluble specific 
substance is a carbohydrate. This work was not extended to the study of typical 
anaphylaxis, probably because it was a generally accepted opinion that true pro- 
tein anaphylaxis plays an unimportant role in the occurrence of spontaneous 
infections. 

The object of the present work was to determine whether animals 
could be sensitized to carbohydrate haptens, either actively by the 
injection of bacteria, or passively by immune serum. Sensitization 
has been determined by the injection of the hapten intravenously and 
by the reaction of the uterus according to the Schultz-Dale technic. 

Bacillus lactis aerogenes was chosen for the major part of our study. 
The isolation of the specific substance from this bacterium and its 
chemical nature has been described by one of us previously (9). It 
consists chiefly of carbohydrates containing, after hydrolysis, 66 per 
cent reducing substance, counted as glucose. It is protein-free, but 
in spite of several attempts at further purification, its nitrogen con- 
tent could not be reduced below 0.9 per cent. It gave specific pre- 
cipitation reaction, when diluted in 1:500,000 and complement fixa- 
tion reaction when diluted as high as 1:64,000,000. 
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EXPERIMENTAL. 

In Vivo Tests in Actively Sensitized Animals. 

Attempts were made at the beginning of our work to produce active 
sensitization against the aerogenes specific substance. 

Holobut’s method (10) was adopted in. sensitizing the animals, using massive 
intraperitoneal inoculations of living or killed organ i s m s on 10 consecutive days 
and testing the sensitivity 3 weeks after the last injection. The difficulty we 
encountered was the high toxicity of the bacillus for guinea pigs. In the first lot 
of 12 guinea pigs, 6 were inoculated with living bacteria and 6 with bacteria killed 
at 60°C. Each animal died after the second or the third injection, when the single 
dose was 1 /20th of the growth from a 24 hour agar culture. In inoculating the 
second lot of guinea pigs, smaller doses were used, beginning with l/200th and 
slowly increasing to l/60th part of a 24 hour agar culture. 6 guinea pigs were 
inoculated with living and 6 with killed bacteria and daily injections were given on 
9 consecutive days. At the end of this treatment 3 animals survived from each 
group. These were tested for sensitivity 3 weeks after the last injection, in part by 
intravenous inoculation of 1 mg. aerogenes specific substance, in part by testing the 
isolated uterus . No reaction was observed in any of these tests . 

Passive Sensitization toward the Aerogenes Specific Substance. 

Our experiments in regard to active sensitization were not extensive 
enough for the formulation of any conclusion. In view of the difficulty 
of obtaining sensitization in this way we limited ourselves in further 
work to the study of passive anaphylaxis. One part of these experi- 
ments was reported by one of us in a preliminary paper (11). 

The immune serum we have used for the passive sensitization was prepared in 
rabbits by six to eight intravenous injections of the killed suspension of Bacillus 
laclis aerogenes. The interval between the injections was either 3 or 4 days. The 
rabbits were bled 8 days after the last injection. 

In performing the sensitization, guinea pigs weighing 250 to 380 gm. were in- 
oculated intraperitoneally with from 1 to 4 cc. immune serum. After 16 to 24 
hours, 1 cc. of the various dilutions of the specific substance in saline was injected 
in the saphenous vein. Each of the 18 sensitized guinea pigs tested intravenously 
with 1 to 0.033 mg. of the specific substance died, showing typical anaphylactic 
symptoms . Death usually occurred within 2 to 3 minutes after the injection and 
never later than 5 minutes. The lungs were markedly distended and pale. 1 
guinea pig receiving 0.02 mg. specific substance showed symptoms but survived. 

Control tests were made on 11 untreated guinea pigs weighing 250 to 300 gm. 
None of these animals showed any immediate symptoms. When the dose was as 
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high as 1 to 2 mg. some of the animals died on the 2nd or 3rd day, without showing 
any symptoms other than drowsiness and emaciation. At the autopsy no changes 
were observed. Smaller amounts than 1 mg. never caused any symptoms in un- 
treated animals. The slight toxicity of the aerogenes specific substance in nor- 
mal animals can be explained probably by the presence of a small amount of 
nitrogenous material. The margin between the primary toxic dose (2 mg.) and 
the amount which produced a fatal shock (0.033 mg.) was much wider than that 
found previously with bacterial extracts. 

It should be noted that there was not a single experiment in which 
we failed to produce a fatal shock in sensitized animals, provided the 
amount of the extract inoculated intravenously was not less than 
0.033 mg. 

In tests to confirm the results obtained in vivo, the smooth muscle 
reaction was used in further work. 20 guinea-pigs weighing 210 to 
260 gm. were sensitized by the intraperitoneal injection of 1 cc. aero- 
genes immune serum and the responses of their uteri tested, using the 
Scliultz-Dale method. The uteri of all these animals reacted to the 
specific substance, when tested 2 hours to 12 days after the injection 
of serum. According to earlier authors the optimal incubation time 
for the development of passive anaphylaxis is about 1 day. Zinsser 
and Parker (3) in their experiments with typhoid bacilli never suc- 
ceeded in finding the animals sensitized in less than 3 to 5 days, the 
highest degree of sensitization being developed in 1 week. Using the 
aerogenes specific substance we did not observe appreciable difference 
in the sensitivity even when the incubation time varied between 2 
hours and 12 days. In establishing accurately the smallest amount 
of specific substance which causes a contraction in the sensitized 
uterus, one difficulty was observed, apart from the individual varia- 
tions of the uteri. The two horns of a uterus were suspended 
approximately at the same time in the two baths. To the first horn 
0.5 cc. of a 1:80,000 dilution of the specific substance was added, 
without causing any contraction, but 1:50,000 dilution caused a dis- 
tinct reaction of the other horn. After changing the bath 1 : 80,000 
dilution added to the second horn caused a reaction with a curve 
similar to that following the previous larger dose. That is a slighter 
preliminary reaction increased the sensitivity of the uterus. This 
observation has been previously made by Weil (12) in his studies in 
protein anaphylaxis. 
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The smallest amount of the specific substance which caused a dis- 
tinct, but not maxim al contraction, was 0.00625 mg. added to a bath 
of 125 cc. The final concentration of the substance therefore was 
1 : 20 , 000 , 000 . 

Desensitization of the uterus was demonstrated after the con- 
traction due to one addition of 5 mg. of the substance to the bath. 
If, however, 1 mg. of the specific substance was used, three subsequent 
doses were required, when the bath was changed after each contrac- 
tion, to obtain a complete desensitization. 

As controls the uteri from 6 normal guinea pigs were tested and not 
one gave a reaction following the addition of as much as 10 mg. of the 
specific substance to the bath. When tested for sensitivity to specific 
substances obtained from other types of aerogenes, there was no 
response indicating overlapping specificity so that the results corre- 
spond to those obtained with the precipitin reaction. 

These experiments seem to justify the conclusion that passive 
anaphylaxis toward a non-protein bacterial extract can be demon- 
strated with the same degree of sensitiveness and specificity as ob- 
served in protein anaphylaxis. 

It might be mentioned briefly that in a few cases the skin test was 
tried in passively sensitized animals, though these experiments do not 
warrant any definite conclusion. 

11 guinea pigs were sensitized by the intraperitoneal injection of 1 to 5 cc. 
immune serum. After 24 hours 0.1 cc. of 1 : 500 or 1 : 1000 dilution of the specific 
substance was injected into the abdominal skin. In most of these animals a 
moderate swelling developed in 3 to 5 hours, the largest being 2 cm. in diameter, 
with an inflammatory red area in the middle. The reaction disappeared in 12 to 18 
hours. In 7 unsensitized animals no changes were observed in the injected area. 

The type of skin reaction we observed in the sensitized animals 
can be classified neither as an immediate, evanescent urticarial re- 
action, characteristic of protein anaphylaxis, nor as a late allergic 
reaction, since it disappears in 24 hours. We feel that additional 
work is needed to establish the nature of this reaction. 

Passive Sensitization to the Carbohydrate Hapten of the Pneumobacillus. 

In this further work, our object was to confirm the results obtained 
with the aerogenes specific substance, using the carbohydrate haptens 
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of other microorganisms which can be purified more highly. Ac- 
cordingly the specific substance was isolated from a strain of pneumo- 
bacillus, originally obtained from a normal throat. 

This hapten was isolated first by Heidelberger, Goebel, and Avery (13) and after 
a long and careful process of purification, it was found by them to be free from 
nitrogen and to consist of a polysaccharide built up from glucose units. For 
technical reasons we could not follow the method used by these authors, but 
adopted Toeniessen’s method (14). The raw extract thus obtained, which corre- 
sponds probably to the capsular material, was subjected to subsequent puri- 
fication. At the beginning of our work the capsule of the freshly isolated strain 
was exceptionally abundant; 3 or 4 months later, after repeated transfer on meat 
infusion agar medium, it became much less. At this stage the yield of the extract 
was also smaller, but did not differ in reactivity from the first extract. It gave 
precipitation with a pneumobacillus rabbit immune serum, when diluted in 
1 :300,000. From the bacterial growth of 100 Kolle flasks 1.2 gm. of extract was 
obtained, in the form of a white powder easily soluble in water. A weakly alkaline 
solution of this substance in a dilution of 1:200 was precipitated 6 times in succes- 
sion with 3 volumes of absolute alcohol. The resulting powder gave a specific 
precipitin reaction, when diluted 1:500,000 and layered over immune serum. 
Additional purification was carried out using the uranyl nitrate precipitation 
method. In this we followed very closely the technic given by Heidelberger, 
Goebel, and Avery (13) . The resulting powder was dissolved in water and dyalized 
for 2 days in a parchment bag, then filtered through Seitz filter, and precipitated 
by alcohol. In the final stage it was precipitated by the corresponding immune 
serum when diluted in 1 : 2,000,000. It gave no precipitation with any of the 
pneumococcus type sera. In the presence of 1 :20 dilution of the immune serum 
it gave complement fixation when diluted 1 :32,000,000. 

After hydrolysis it contained 71.5 per cent reducing substance counted as glu- 
cose. When the hydrolysis was made in normal sulfuric acid solution, the optimal 
time was found to be 9 hours. The nitrogen content of this specific substance w'as 
0.26 per cent, considerably low'er than that of the aerogenes extract. 

The method for demonstrating anaphylaxis to the pneumobacillus 
carbohydrate was the same as that described above with the aero- 
genes specific substance. 

Guinea pigs w T ere sensitized by the intraperitoneal injection of 1 cc. pneumo- 
bacillus immune serum and 24 hours later injected intravenously with various 
dilutions of the specific substance. The smallest amount of the carbohydrate 
extract which produced invariably a typical anaphylactic shock with death was 
found to be 0.01 mg. 5 untreated guinea pigs were used as controls and failed to 
show any symptoms after the injection of amounts as large as 2 mg. 
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These results seem to us, to be especially convincing since the 
carbohydrate extract did not possess any primary toxicity and yet 
it produced anaphylactic shock even when given in smaller amounts 
than had been used previously with proteins. According to Wells 
(15) the smallest amount of protein capable of causing anaphylactic 
shock is 0.1 to 0.05 mg. 

The results in vivo were confirmed by the Schultz-Dale reaction. 
A 1 : 12,500,000 dilution of the carbohydrate in the bath was enough 
to produce contractions in sensitized uteri. It is interesting that a 
single contraction due to the addition of 1 mg. carbohydrate to the 
bath was enough to desensitize the muscle completely. 

Experiments with Yeast Gum. 

Studies in yeast anaphylaxis have been made by Rosenau and 
Anderson (l) and by Axamit (16). Yeast cells or crude extracts 
were used in testing the sensitivity of the treated animals. The 
slight difference between the primary toxic and the shock-producing 
doses made the interpretation of these results j’ust as difficult as in the 
case of bacterial anaphylaxis. 

Our obj'ect was to test passively sensitized guinea pigs with yeast 
gum, the hapten nature of which has been shown by Mueller and by 
one of us (17). 

The strain of yeast used in this work was obtained from a case of stomatitis. 
The yeast cells grown on Sabouraud culture medium were collected and freed from 
the constituents of the culture medium by alcoholic precipitation. The extrac- 
tion was made by the hot alkaline method. From this extract the gum was ob- 
tained by the usual procedure, precipitating with Fehling reagent. The last trace 
of the copper was taken out by repeated alcoholic precipitation and dyalisis. 

In the final stage of purity 83 per cent of the gum consisted of reducing sub- 
stances counted as glucose. Nitrogen was present in trace, approximately 0.2 
per cent. 

Passive anaphylaxis toward the yeast gum was studied both in vivo 
and with the uterine reaction. Since the results of these experiments 
entirely correspond to those obtained with the specific substances of 
Bacillus lactis acrogcncs and of the pneumobadlius, their description 
can be omitted to avoid repetition. The only difference observed 
was that repeated additions of larger amounts of yeast g um were 
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necessary to produce desensitization of the uterus, whereas this was 
easily accomplished with pneumobacillus extract. The injection 
of the yeast gum into six untreated animals proved to be without 
effect. 


TABLE i. 

Summary of the Reactions Obtained with the Specific Substances of B. laclis aero- 
genes, , PncuniobaciUus, and Yeast. 


Specific substances from 




B. lactis 
oeroscncs 

Pncumobacillus 

Yeast 

■ 

Nitrogen 

Reducing substances after hydrolysis, 

0.9 per cent 

0.26 per cent 

0.2 percent 

counted as glucose 

66 per cent 

71.5 percent 

S3 per cent 

Precipitin titer. . . 



1:500,000 

1:2,000,000 

1:1,000,000 

Titer in complement* fixation 

1:64,000,000 

1:32,000,000; 

1:32,000,000 

In vivo tests 

Toxic dose for normal 

guineapigs 

Minimal shock-produc- 

1 mg. 

2 mg. non- 
toxic 

2 mg. non- 
toxic 

In vitro tests with 
Dale technic 

ing dose 

Largest amount failing to 
cause contraction of 

0.033 mg. 

0.01 mg. 

0.02 mg. 


normal uterus 

Smallest amount causing 
contraction of the 
uterus from sensitized 

10 mg. 

10 mg. 

10 mg. 


guinea pigs 

Amount causing desen- 

0.00625 mg. 

0.01 mg. 

0.025 mg. 


sitization 

5 mg. 

1 mg. 

Not complete 
after 10 mg. 


* Graded amounts of the antigens were tested in the presence of 0.5 cc. 1:20 
dilution of immune serum and 2 units of complement. Incubation period was 
16 hours at 6° to 8°C. The amount in the last tube which did not show a trace of 
hemolysis was regarded as the titer. 

DISCUSSION. 

The experiments described above show that small amounts of pro- 
tein-free hapten obtained from B. laciis aero gates will produce ana- 
phylactic shock, both in vivo and in vitro, in guinea pigs which have 
been passively sensitized with immune serum from rabbits injected 
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with dead cultures of the same organism. In the same way, haptens 
from the pneumobacillus and from a yeast caused typical shock in 
animals sensitized by the appropriate immune sera. When haptens 
are used to bring out the reaction, the wide margin between the toxic 
and the minimal shock-producing doses corresponds to that found in 
protein anaphylaxis. Desensitization is produced in the isolated 
uterus by the addition of the hapten to the bath. The muscle is of 
course washed and rested before the desensitization test is made. 

Repeated injections of living and killed cultures have not pro- 
duced a sensitization to the hapten in the few animals that survived 
the treatment. 

Just as haptens fail to cause the production of predpitins and com- 
plement-fixing bodies, so do they fail to sensitize guinea pigs when 
injected in their pure state. That they may play a part in sensitiza- 
tion when combined with protein seems possible. 

The haptens used in these experiments gave none of the protein 
reactions, and while they were not absolutely nitrogen-free, this 
element was almost negligible in the pneumobadllus and yeast prepara- 
tions. Since shock was produced by smaller amounts of hapten than 
will cause a reaction in animals sensitized to purified proteins, it does 
not seem possible that the small amount of nitrogen present played 
any part in the reaction. A positive statement is unjustified because 
of the trace of nitrogen present, but we believe that we have shown 
in these experiments that anaphylactic shock can be produced by 
carbohydrates. 

Since the serum used for the sensitizations had high contents of 
predpitin and complement-fixing bodies which react with minute 
amounts of the appropriate hapten, we feel that the results obtained 
support the view that predpitins and complement-fixing bodies are 
doscly related to the bodies which have to do with sensitization, if not 
identical with them. 


CONCLUSIONS. 

1. In passively sensitized animals bacterial anaphylaxis has been 
produced, in vivo and in vitro, with haptens from B. laclis aerogenes, 
the pneumobadllus, and a yeast. 

2. The smallest amount of hapten causing fatal anaphylaxis is less 
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than the minimal amount of protein which will cause death in properly- 
sensitized animals. 

3. The haptens used were largely carbohydrates, and gave none of 
the protein reactions, but since they did contain a small amount of 
nitrogen we cannot yet assert positively that carbohydrate alone will 
produce shock. 

4. Since haptens will not sensitize animals we must conclude that 
the anaphylactogenic and shock-producing parts of the antigen are 
not identical. 

5. These experiments provide further evidence of the close relation- 
ship of precipitins to anaphylaxis. 
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The present status of the discussion opened by the experiments of 
Gye and Barnard (1, 2) supporting the virus theory of cancer, can be 
summarized as follows. While certain investigators have been able to 
repeat Gye’s results and are in agreement with his interpretations 
(3, 4), others have failed (5-8). Murphy (9) and more recently Flu 
(10) and Cori (11) duplicated Gye’s work but by means of more 
careful control experiments have added a new fact of basic im- 
portance, namely the non-specific reactivation of the chloroformed 
sarcoma filtrate (specific factor) by substances other than the cultures 
of malignant tissues. It is obvious that Gye’s theory does not hold 
in the light of these later facts, although Gye himself claims to get 
only negative results in 150 control experiments of a similar nature. 

In the opinion of Murphy also shared by Flu, the interpretation of 
these results is not that a virus has been rendered infective by a specific 
factor but that an unknown substance of tissue origin enables the 
agent, modified or attenuated by chloroform, to act. Flu suggests 
that these substances are similar to bacterial aggressins. Simon and 
Beck (6) explained Gye’s results on the basis of an aggregation of 
subinfective doses of the agent itself or of a non-specific reactivation, 
while Harde (12) suggests that the activator is efiective only through 
its acidity. 

In order to throw further light on this subject we have carried out 

This investigation was carried out by means oi funds from the Rutherford 
Donation. 
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an investigation similar to that of Gye but have substituted a typical 
virus in the place of the etiological agent of the chicken sarcoma. Our 
plan has been to determine whether the vaccine virus attenuated to 
such an extent that it would produce no lesion could be rendered in- 
fective by the addition of certain substances. 

Methods and Materials. 

Vaccine Virus . — In all of the experiments the same strain of vaccine virus has been 
used. 1 Half a cc. of the vaccine emulsion mixed with an equal amount of Ringer’s 
solution was injected into both testicles of a rabbit. Five days later when the 
resulting orchitis was at its height the animal was killed and the testicles removed 


TABLE I. 


Tube 

Amount of 
chloroform 

Resulting 

lesion 

Tube 

Amount of 
ether 

Resulting 

lesion 


I 





1 

■SI : . 

— 

4 


+ + 

2 


— 

5 

1 

4~ + 

3 

0.1 

+ 

6 

0.1 

+ + 


TABLE II. 


Tube 

Amount of 
chloroform 

Resulting 

lesion 

Tube 

Amount of 
ether 

Resulting 

lesion 


CC. 1 



cc. 


1 

0.15 

— 

5 


H — b 

2 

0.1 

rt 

6 

0.15 

++ 

3 

0.05 

+ 

7 

0.05 

+++ 

4 

0.01 

+ 





aseptically. They were ground thoroughly with sand together with 25 cc. of 
glycerol and Ringer’s solution. The resulting emulsion was distributed in tubes, 
covered with a layer of sterile vaseline and kept in the ice box. 

In order to test the activity of the virus the emulsion was diluted with Ringer’s 
solution and 0.2 cc. injected intradermally in rabbits. With a 1 to 500 dilution 
of the emulsion (about 1 to 5000 of the testicular material) a slight but definite 

1 We wish to acknowledge our indebtedness to Dr. T. M. Rivers for supplying 
the original strain of vaccine virus and for his suggestions and criticisms during 
the course of this investigation. 
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vaccine eruption appeared in 4 or 5 days. The injection of 0.2 cc. of a 1 to 10 
dilution gave rise in the same time to a greatly congested circular eruption 2.5 to 
3 cm. in diameter. This latter dose was the one generally used in. the experiments. 

Inactivation of Virus. 

The same general methods have been employed as were used in 
Gye’s experiments. Not only chloroform but other organic solvents 
were tested as to their effect on the vaccine virus. 

Method. — To 10 cc. of the vaccine emulsion diluted 1 to 10 and placed in a 50 cc. 
centrifuge tube, various amounts of one or another of the solvents were added. 


TABLE in. 


Tube 

Amount of 
acetone 

Lesion 
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acetone 
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TABLE IV. 


Tube 

Amount of 
chloroform 

Lesion 

Tube 

Amounts 

Resultant 

lesion 


cm 



cc. 


1 

i 

— 

4 alcohol 

mSM 


2 

i 

— 

5 toluene 


+++ 

3 

mam 

j- 

6 control 

warn 



These included chloroform, ether, 95 per cent alcohol and toluene. The materials 
were thoroughly mixed by means of a pipette and were incubated at 37°C. for from 
75 to 90 minutes. After this the solvents were evaporated oS in a vacuum and the 
activity of the treated virus was tested by injection into the skin of freshly shaved 
rabbits. 

Experiment A— The effect of chloroform and ether in 0.2, 0.15 and 0.1 cc. 
amounts on 10 cc. of vaccine emulsion was tested. The mixtures were incubated 
at 37 C. for 65 minutes, after which the solvents were evaporated ofi and 0.2 cc. 
of the remaining virus from each tube was injected intradcrmally into rabbits. 
The results arc shown in Table I. 

Experiment 2. The same procedure as in Experiment 1 was carried out except 
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that the mixtures were incubated for 90 minutes. The results are shown in 
Table II. 

Experiment 3. — The action of acetone was tested by the same method as de- 
scribed above, the mixtures being incubated for 90 minutes. The results are 
shown in Table III. 

Experiment 4 . — Additional tests were made with chloroform, 95 per cent alcohol 
and toluene, the mixtures being incubated for 75 minutes. The results are given 
in Table IV. 

The above results show that the vaccine virus is very susceptible to 
the action of chloroform and the action seems to grade off as the dilu- 
tion is reduced. Generally 0.2 cc. will inactivate 10 cc. of the emul- 
sion so that no lesion results from its injection. When 0.15 cc. of 
chloroform was used, the virus was inactive in doses of 0.2 cc. Sub- 
sequent tests have shown that when as much as 1 cc. of this virus is 
injected a definite but small eruption appeared in from 10 to 12 days. 
The injection of still larger amounts, from 5 to 10 cc. gave rise to 
lesions almost equivalent in severity and duration to that produced 
by 0.2 cc. of the untreated virus. It should be noted that there is 
naturally some variation in the results as the amount of the virus 
present in the testicular emulsion must be subject to considerable 
variation, as well as the natural susceptibility of the animals. 

Ether, 95 per cent alcohol, acetone and toluene in amounts com- 
parable to the amounts of chloroform found to be effective seem to 
have little or no action on the virus. 

Reactivation of Chloroformed Virus. 

With the fact demonstrated that vaccine virus is sensitive to chloro- 
form, the next step was to determine whether the inactive or very 
slightly active virus could be so influenced by the addition of other 
agents that it would become infective in small doses. For the second- 
ary agents, we used those found effective in activation of the chloro- 
formed filtrates of the chicken tumor. 

Preparation of Auxiliary Agents . — Chicken embryos 7 to 10 days old were ob- 
tained aseptically after careful disinfection of the shell of the egg, and were placed 
in tubes containing 5 cc. of Hartley’s broth with glucose, potassium chloride and 
rabbit serum. These were incubated at 37°C. under anaerobic conditions from 
4 to 25 days. After removing the tubes they were shaken in order to mix the 
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tissue with the fluid and were then allowed to stand or were centrifuged in order to 
obtain a more or less clear fluid. 'Sterility was tested either by smears or sub- 
cultures. 

The same procedure was carried out using fragments of chicken sarcoma instead 
of embryos. 

The third substance used in the experiments was a light suspension of kieselguhr 
in distilled water. 

Effect of Embryo “ Cultures ” and Small Amounts of Chloroformed 
Virus. — In the first series of experiments, carried out on ten rabbits, 
the action was studied of a mixture of supernatant fluid of embryo 
“cultures” with small amounts of chloroformed virus (0.2 cc.), namely, 
the same amount which untreated gives rise to a typical vaccine 
eruption in 4 to 5 days. The results were negative as regards a 
vaccinal lesion. Nevertheless, the experiments brought out some 
interesting facts. At the end of the first 24 hours, occasionally, but 
generally in 2 days, there appeared a circular zone of erythema and 
edema, similar in dimensions to the true vaccine eruption, but more 
diffuse and less indurated. This increased during the 3rd day, then 
ceased to spread and finally disappeared more quickly than the typical 
vaccine eruption. Without proper control experiments, namely in- 
jection of the embryonic fluid alone, this eruption might have been the 
source of considerable misunderstanding. The irritating power of 
the embryo culture fluid proved to be weak if the cultures were young 
(3 to 4 days), strong if the cultures were older. The irritation is 
greater if the supernatant fluid to be injected contains tiny bits of 
embryonic tissue in suspension. 

Effect of Chicken Sarcoma “ Cultures ” or Kieselguhr Together with 
Small Amounts of Chloroformed Vaccine Vims.— Some experiments 
were carried out with small amounts of vaccine virus, such as those 
mentioned above, the reactivating substance being the supernatant 
fluid of chicken sarcoma “cultures.” These experiments were few in 
number, but, in general, the results justify the conclusion that these 
“cultures” by themselves are capable of producing in rabbits similar 
reactions to those produced by the supernatant fluid of embryo 
“cultures.” 

Kieselguhr produces, when injected intracutaneously, a very wide 
reaction, resembling the reaction caused by the vaccine virus even 
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more than do those produced by embryo “cultures.” This point will 
be discussed in greater detail further on in the paper. 

Effect of Embryo “Cultures” Kieselguhr Together with Larger A mounts 
of Chloroformed Vaccine Virus. — After the reactions induced by the 
embryo “cultures” had been studied and differentiated from true 
vaccine eruptions, the experiments were repeated with larger doses of 
the chloroformed vaccine and of the “culture” fluid. We further 
tested the activity of larger doses of the chloroformed vaccine alone 
keeping in mind Flu ’s statement that he could obtain reactivation of 
the chloroformed sarcoma agent only when he got tumors from the 
injection of large amounts of the chloroformed filtrate alone. 

Experiment 1 . — To 10 cc. of the vaccine virus emulsion diluted 1 to 10 with 
Ringer’s was added 0.15 cc. of chloroform. After mixing well the tube was incu- 
bated at 37°C. for 78 minutes. The chloroform was removed in a vacuum. For 
the secondary substances the slightly turbid supernatant fluids from 18 day old 
"cultures” of embryonic tissue in Hartley’s broth, and a light suspension of kiesel- 
guhr were used. The nature of the intradermal injections and the intensity of the 
vaccinal eruptions induced were as follows. 

Rabbit 1. 

Maximum intensity 
of eruption 

1. Chloroformed vaccine virus 0.5 cc. plus super- Lesion + 10 days 

natant fluid embryo “culture” 0.5 cc. 

2. Chloroformed vaccine virus 1 cc. plus super- Lesion + + 10 days 

natant fluid embryo “culture” 1 cc. 

3. Chloroformed vaccine virus 0.5 cc. plus light Lesion ++ 10 days 

suspension kieselguhr 0.5 cc. 

4. Supernatant fluid embryo “culture” 0.5 cc. No lesion 

5. Supernatant fluid embryo “culture” 1 cc. No lesion 

6. Kieselguhr suspension 0.3 cc. No lesion 

Rabbit 2. 

1. Chloroformed vaccine virus alone 0.5 cc. No lesion 

2. Chloroformed vaccine virus alone 0.5 cc. No lesion 

3. Untreated vaccine virus 0.2 cc. Lesion + + + 5 days 

Rabbit 3. 

1. Chloroformed vaccine virus alone 5 cc. Lesion ++ 6 days 

Part of the lesion produced by the mixture of kieselguhr and chloroformed vac- 
cine virus was removed and injected into a susceptible animal (rabbit) and a posi- 
tive vaccinal eruption was obtained. All rabbits of this experiment were tested 
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2 months later by a second inoculation of fresh vaccine virus and found to be im- 
mune, an indication that the lesions produced were true vaccinal eruptions. 

Experiment 2 .— This was similar to the foregoing experiment except that 24 
day old “cultures” of embryonic tissue were used. 


Rabbit 1. 

1. Chloroformed vaccine virus 0.5 cc. plus super- Lesion — 

natant fluid embryonic “culture” 0.5 cc. 

2. Chloroformed vaccine virus 1 cc. plus fluid em- Lesion + + 

bryonic “culture” 0.5 cc. 

3. Chloroformed vaccine virus 0.5 cc. plus kiesel- Lesion -f- -r 

guhr suspension 0.4 cc. 

4. Supernatant fluid embryonic “cultures” 0.5 cc. No lesion 

5. Supernatant fluid embryonic “cultures” 1 cc. No lesion 


Hczirzum intensity 
oj eruption 

8 days 
8 days 


Rabbit 2. 


1. Untreated vaccine virus 0.2 cc. Lesion 5 days 

2. Untreated vaccine virus 0.4 cc. Lesion + + -r 5 day's 

3. Chloroformed vaccine virus 0.5 cc. No lesion 

4. Chloroformed vaccine virus 1 cc. No lesion 


Rabbit 3. 

5. Chloroformed vaccine virus 5 cc. Lesion -f + 5 days 

The skin of the spot injected with 1 cc. of chloroformed vaccine virus alone, 
which did not show a definite eruption, was removed after 5 days and injected, 
after grinding, into the testicles of another rabbit. It gave rise to an orchitis. 
From this testicle a virus was obtained which gave rise to a typical pustular erup- 
tion in the skin of another animal. All rabbits of this experiment were injected 
2 months later with fresh vaccine virus and found to be immune. 


The above two experiments show that chloroformed vaccine virus 
in 0.5 and 1 cc. doses do not give rise to eruptions when injected alone 
into the skin of a rabbit, but the addition of the supernatant fluid of 
embryonic tissue “cultures” or a suspension of kieselguhr results in 
very definite and typical lesions. The same degree of eruption 
results from the injection of larger amounts of the chloroformed virus 
alone (5 to 10 cc.). Occasionally small amounts gave rise to erup- 
tions so slight as to leave doubt as to their nature but for the fact that 
the virus may be recovered from such lesions in animal passage. The 
eruption which takes place as the result of the injection of a mixture 



396 


INACTIVATION OF VACCINE VIRUS 


of chloroformed virus and the secondary agent, comes later than that 
produced by the untreated virus or the larger doses of chloroformed 
virus. 

In the next group of experiments care was taken to test the untreated 
vaccine virus and the chloroformed virus on different animals in order 
to avoid possible immunity effects. It was thought that the reaction 
following the pronounced eruption from the untreated virus might 
interfere with a weaker delayed reaction from the treated virus. 

Experiment 3 . — The general procedure of this experiment was the same as the 
foregoing. A 39 day old “culture” of 7 day old chick embryo tissue was used as 
the secondary factor and the vaccine virus was exposed to the action of chloroform 
for 70 minutes at 37°C. The results were as follows. 


Rabbit 1. 


Maximum intensity 


1. Chloroformed vaccine virus 0.5 cc. plus embryo 

“culture” fluid 0.5 cc. 

2. Same as above 

3. Chloroformed vaccine virus 0.5 cc. plus 0.5 cc. 

kieselguhr suspension 

4. Chloroformed vaccine virus alone 0.5 cc. 

5. Fluid from embryo "culture” 0.5 cc. 

6. Kieselguhr suspension 0.5 cc. 

Lesion + 

Lesion + + 
Lesion — 

Lesion — 
Lesion — 
Lesion — 

of eruption 

8 days 

9 days 

Rabbit 2. 



1. Chloroformed vaccine virus 5 cc. 

2. Chloroformed vaccine virus 0.5 cc. 

3. Chloroformed vaccine virus 0.5 cc. 

Lesion + + 
Lesion — 
Lesion — 

6 days 

Rabbit 3. 



1. Untreated vaccine virus 0.2 cc. 

2. Untreated vaccine virus 0.4 cc. 

Lesion + + 
Lesion + + + 

5 days 

5 days 


One of the spots of the skin of Rabbit 2 where 0.5 cc. of chloroformed vaccine 
virus had been injected was removed and injected, after grinding with sand, into 
the testicle of a normal rabbit. An orchitis developed from which a virus was 
obtained which regularly gave a typical vaccinal eruption in susceptible animals. 

All of the rabbits of this experiment were tested 2 months later by a second in- 
oculation of fresh untreated vaccine virus and all proved to be immune. 


Experiment 4 . — The same general procedure was followed here as in the fore- 
going experiment except that 0.2 instead of 0.15 cc. of chloroform was added to the 
vaccine virus. The results were as follows. 
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Rabbii /. 

1. Chloroformed vaccine virus 0.5 cc. plus super- 

natant fluid embryonic “culture” 0.5 cc. 

2. Chloroformed vaccine virus 0.5 cc. plus super- 

natant fluid embryonic “culture” 0.5 cc. 

3. Chloroformed vaccine virus 0.5 cc. plus kiesel- 

guhr dilution 0.5 cc. 

4. Chloroformed vaccine virus alone 0.5 cc. 

5. Supernatant fluid embryonic “culture” 0.5 cc. 

6. Supernatant fluid embryonic “culture” 0.5 cc. 

7. Kieselguhr dilution alone 

Rabbii 2. 

1. Chloroformed vaccine virus alone 5 cc. 

2. Chloroformed vaccine virus alone 0.5 cc. 

3. Chloroformed vaccine virus alone 0.5 cc. 

Rabbit 3. 

1. Untreated vaccine virus 0.2 cc. 

2. Untreated vaccine virus 0.4 cc. 



Mcsznun intensity 
of eruption 

Lesion -r 

8 days 

Lesion — 


Lesion — 


Lesion — 
Lesion — 
Lesion — 
Lesion — 


Lesion — 
Lesion — 
Lesion + 

8 days 


Lesion -f-r 
Lesion -f-f + 


All the animals of this experiment were tested with fresh vaccine 
virus 2 months later and found immune. 

These last two experiments indicate that the immunity possibly 
developing as the result of the stronger reaction to untreated vaccine 
did not influence the results. 

The last experiment cannot be considered as entirely a satisfactory 
result for 0.5 cc. of chloroform vacdne alone caused a slight lesion in 
the control rabbit but gave a negative reaction in the test animal. 
The indications are that the greater the amount of chloroform used the 
less is the possibility of reactivating the virus. In order to get some 
idea of the limits the following experiments have been carried out. 
As the general procedure was the same and only the amount of chloro- 
form added to the vaccine virus was varied the details of the experi- 
ment will not be gone into. 

Experiment 5.— In this test 0.4 cc. of chloroform was used. Injection of as 
much as 2 cc. failed to produce a lesion and attempts to reactivate with "culture” 
fluid and kieselguhr failed to give results. The two animals developed no im- 
munity as the result of this injection, as shown by the fact that they had an erup- 
tion 2 months later when inoculated with untreated virus. 
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Experiment 6 . — Wien 0.25 cc. of chloroform was used all the injections were 
negative and the two animals showed no immunity on subsequent injection with 
fresh virus. 

Experiment 7. — In this test 0.2 cc. of chloroform was used. Injection of 4 cc. of 
the vaccine after treatment failed to elicit a response in one rabbit and there was no 
reactivation by tire auxiliary agent in another and no immunity developed as the 
result of the injection. 

Experiment S . — The above experiment with 0.2 cc. of chloroform was repeated. 
This time there was a slight positive eruption following the injection of chloro- 
formed vaccine virus plus the fluid from embryonic tissue “cultures.” There was 
also a positive result from the injection of 4.5 cc. of the treated virus alone and 
slight positiveness with 1 cc. and 0.5 cc. but the lesion from the latter developed 
some 3 or 4 days later than the lesions from the reactivated virus. All of these 
animals proved immune on subsequent inoculation with fresh virus. 

Experiment 9 . — With 0.15 cc. of chloroform the mixture of 0.5 cc. each of the 
treated vaccine and the supernatant fluid of the embryonic tissue “culture” gave 
typical eruptions. A large amount of this virus, 4.5 cc., also gave a positive result 
alone but smaller amounts, 0.5 to 1 cc., resulted in very slight responses. All 
the animals were immune on second inoculation. 

Experiment 10 . — Another experiment using 0.15 cc. of chloroform was carried 
out. In the tests the chloroformed vaccine alone even in the smaller doses 
gave typical eruptions. Very little difference could be made out between these 
and the eruptions caused by the virus plus the auxiliary fluids. All the animals 
were immune on second inoculation with untreated virus. 

The results seem comparable to those obtained by Flu in his study 
of the effect of chloroform on the agent of the chicken tumor. Where 
no lesions result from the injection of large amounts of the treated 
vaccine virus it proved impossible to reactivate the smaller doses with 
the fluid from embryo tissue “cultures” and no immunity is developed 
by the animal. Our experiments show further the great variability 
in the eruption produced by the same dose of vaccine virus especially 
when oneatthelower effective limit is employed. Not only do individ- 
uals differ in susceptibility but areas in the same animal differ in 
their response to the same dose. An extreme example of this is to be 
seen in the case of Rabbit 2 of Experiment 4, in which 5 cc. of the 
chloroformed virus failed to produce a lesion while a typical reaction 
occurred in another skin area receiving only 0.5 cc. While it is con- 
ceivable that errors in technique, local injury from shaving, leakage 
of the fluid from the puncture wound or some such factor might explain 
these inconsistencies, yet as far as our observations go they exist. 
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Localizing Effect of Auxiliary Agents. 

An occasional animal of the preliminary experiments having pro- 
nounced lesions from pure vaccine showed a typical vaccinal eruption 
in spots injected only with fluid from an embryonic tissue culture. 
This suggested a test of the secondary fluids as localizing agents when 
the virus was given intravenously. It will be recalled that Calmette 
and Guerin (13) found that the pulling out of the hair was sufficient 
to localize the vaccine lesion. 

Experiment .- — Embryonic tissue “cultures,” chicken sarcoma “cultures” and 
light suspensions of kieselguhr were prepared in the manner already described. 
As a fourth substance a 10 per cent solution of peptone -was injected into the skin 
in 0.5 to 1 cc. amounts. The supernatant fluid from the “cultures” and the kiesel- 
guhr were used in the same amounts. Five cc. of a 10 per cent suspension of 
vaccine virus was injected into the ear vein of the rabbits. The animals had been 
shaved carefully so as to avoid injury to the skin, prior to the intradermal injec- 
tion of the fluids. The resultant eruptions were tested by removing the skin 
area, grinding and injecting into the skin of a fresh animal, and only these eruptions 
proving to have active virus by this test were included as positives. 

In the experiment proper eight animals were injected in five or six 
different spots with the fluids prepared as described above, follow T ed 
by the intravenous injection of the vaccine virus. In addition seven 
rabbits were used to test the presence of active virus in the resultant 
lesions. The results are given in Table V. 


TABEE V. 



_ Spots 
injected 

Positive 

localize* 

lion 

Doubtful 

localiza- 

tion 

Negative 

localiza- 

tion 


Embryonic “cultures” 

29 

25 

i 

3 


Chicken sarcoma “cul- 

9 

6 

— 

3 

The 3 negative cases be- 

turcs” 





long to a rabbit in- 






jected with a very 






cieaT supernatant fluid 

Peptone 

4 

— 


4 


Kicsciguht 

6 

— 

— 

6 



The above results suggest that the action of the secondary fluid is 
not on the virus but upon the cells rendering them more susceptible to 
its action. While the number of tests with kieselguhr is small the 
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failure of the virus to localize in a single instance in the area of reaction 
produced by this agent is significant. It is of interest in this connec- 
tion to note that the agent of the chicken tumor on intravenous in- 
jection shows less tendency to localize in kieselguhr reactions than in 
the reactions produced by the several other substances (14) . 

DISCUSSION. 

It was the purpose of these experiments to parallel the work of Gye, 
but with vaccine virus instead of the chicken tumor agent. In 
planning of the tests, we took into consideration the critical work of 
Murphy and of Flu as well as the various results obtained by several 
other investigators who have attempted to repeat Gye ’s experiments. 
While the vaccine virus has certain advantages in a study of this kind, 
the chicken tumor agent has a special one in that natural resistance 
against it is so feeble that a tumor once started rarely fails to progress. 
In spite of the variability in the reactions reported in this paper, suffi- 
cient data of a positive nature are provided to justify certain 
conclusions. 

Flu states that an auxiliary substance will render a small amount 
of the chloroformed chicken tumor filtrate infective only when a large 
dose of the chloroformed filtrate alone is capable of inducing a tumor. 
The evidence brought out by the present experiments indicates that 
the same is true of the vaccine virus. When the amount of chloroform 
used was large enough to render even great amounts of the virus in- 
nocuous no reactivation of the small dose proved possible. It is of 
interest to note that about the same amount of chloroform is required 
to inactivate the virus and the tumor agent. It would seem from 
these results that chloroform in amounts which still allow reactivation 
of the virus does not destroy all of the agent. One may suppose either 
that the number of infective elements is greatly reduced in number or 
that the infectivity of all of the elements is lowered by the chloroform 
treatment. 

The secondary substances or activators would seem to exert their 
effect by rendering the animal ’s cells more susceptible to the infecting 
power of the virus. This is indicated by the result of the experiments 
in which it was demonstrated that the fluids most effective in reac- 
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tivating the chloroformed virus will induce a reaction in the skin 
that is favorable to localization of virus injected intravenously. The 
fact that some substances are more active than others in this respect 
regardless of the amount of injury induced, opens up an interesting 
question as to the type of injury or reaction which determines the 
localization of an infective agent. This point would bear further in- 
vestigation not only as concerns the vaccine virus but the chicken 
tumor agent as well. 

The analogy between these results and those obtained by Gye with 
the chicken tumor agent would tend to uphold the conclusions of 
Murphy and of Flu that the chloroform treatment attenuates the 
agent but does not destroy it; and the secondary factor contained in 
the “cultures” is non-specific in its action, merely rendering the cells 
of the inoculated animal more susceptible to the enfeebled agent. 

Summary and Conclusions. 

Yacdne virus, obtained from testicular inoculation shows a high 
susceptibility to chloroform as compared with ether, toluene, 95 per 
cent alcohol and acetone. 

Vaccine virus, after treatment with an amount of chloroform suffi- 
cient to render it incapable or only barely capable of originating an 
eruption in the rabbit’s skin, produces a characteristic eruption when 
injected with the supernatant fluid of embryonic tissue or sarcoma 
tissue “cultures” or kieselguhr, substances all of which are markedly 
irritative to the rabbit’s skin. 

Reactivation of the chloroformed vaccine virus is not possible when 
chloroform has been added to it in such quantity that the injection 
of large amounts of the treated virus fails to cause an eruption. When- 
ever reactivation has been accomplished it has been possible to get a 
vaccine eruption of greater or less intensity by the injection of large 
amounts of the chloroformed vaccine alone. 

Embryo and chicken sarcoma “culture” fluids when injected intra- 
dcrmally make the skin susceptible to the localization of the virus 
introduced intravenously. 

The bearing of these experiments on the interpretation of Gye’s 
theory of cancer causation is discussed. 
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The newer concept that there is normally a wide range of fluctuation 
in the total number of circulating red and white cells (1-5), reopens 
the whole question of the meaning of variations in blood counts. To 
many conditions, such as digestion and exercise, and to many chemical 
substances have been attributed specific changes in the blood count, 
which now are known to fall within the more recently established 
limits of the normal. Hence, in distinguishing between the delivery 
of new cells from marrow or lymph glands, and changes in distribution 
of cells already within the circulation, it becomes necessary to study 
all the factors that might be involved. Each particular s tim ulus 
under consideration must be known with reference to its particular 
point and mode of activity. As will be demonstrated in this paper 
the subject can only be analyzed in the living animal, for the position 
of cells in the blood vessels after death is no indication of their distribu- 
tion during life. In the problem it is essential to study the influence 
of vasomotor reactions on the distribution of blood cells, to consider 
possible changes in blood volume, and especially to analyze the role 
of various organs on the peripheral concentration of the cells. 

The observation by Sabin (6), in a survey of normal living blood 
cells, of certain “non-motile” polymorphonuclear neutrophils, and the 
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later determination (1), of their occurrence in showers in the periph- 
eral blood, led to the hypothesis that the effective normal stimulus 
might be the liberated products from disintegrating cells. This could 
occur either directly or through the medium of the phagocytic group 
of cells reducing the debris. The correlation of the showers of “non- 
motile” cells in human pathological conditions with a subsequent 
increase of young motile neutrophils (7) further supported the concept. 
This seemed to point to a thorough restudy of the effect of nucleic 
acid and its derivatives on the leucopoietic system, inasmuch as 
these substances must be constantly produced physiologically in the 
body. 

Nudeic acid was first isolated by Altmann (1877) from Miescber’s nudein. 
Miescher worked chiefly with pus, so readily obtained in those days of septic 
surgery, and since pus consisted mostly of nuclei, and his minimal residue was 
cytoplasmic, he reasoned that the material he obtained, which was high in phos- 
phorous content, came from the nudeus, and hence the name “nuclein” (8) . 

Following the emphasis placed by Metchnikoff (9) on the “phagocytic power” 
of the polymorphonuclear leucocytes as the modus operand i for destroying bacteria, 
Ames and Huntley (10) were among the first to study nudeic acid experimentally 
from the standpoint of its apparent production of a leucocytosis. They conduded 
from the hypodermic injection of nuclein solution into dogs that there was an in- 
crease in the number of leucocytes in the central and peripheral circulation, and, 
further, since they found an increase of young cells, that the response was a true 
delivery of cells from the bone marrow. Milroy and Malcolm (11), using the 
sodium salts of yeast and thymus nudeic acid and their decomposition products, 
thymic acid, adenine, guanine, and cystosine, found after subcutaneous injections 
in rabbits and guinea pigs what they interpreted as a specific hyperleucocytosis, but 
the increases were from 5500 to 6800, or from 6000 to 7500, a range of variation 
hardly permissible of such interpretation today. 

The first advocacy of nuclein therapy was on purely theoretical grounds, the 
claim being made, for instance by Vaughan, Novy, and McClintock (12), that by 
its use the germicidal power of the blood could be increased and hence the resistance 
heightened to diseases of microbic origin. However, the effectiveness of nudeic 
acid, in certain clinical conditions, through its apparent stimulation of an increase 
in the white count, has been periodically suggested by both physicians and sur- 
geons (13-18), though the increases in white cells, which have been reported, are 
equivocal, and, for the most part, fall within the physiological range for the 
white count. Thus Habetin (19), in 1923, advocated the injection of 10 cc. of a 5 
per cent solution of sodium nucleinate subcutaneously as a clinical test of bone 
marrow function, describing the reaction in healthy individuals as an increase of 
from 40 to 60 per cent of cells, whereas, as is now known, the normal range of 
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fluctuation is 100 per cent in 24 hours (1,2). Larsell, Jones, Notes, and Phillips 
(20, 21) recently reported an experimental and c lin ical study of the hemopoietic 
effects of intravenously injected nucleic acids. In rabbits they found hemopoiesis 
stimulated by the nucleic acid from the nuclei of bird’s cells, and in selected 
human cases of anemia they describe a comparable but temporary hemopoietic 
stimulation. Robertson, Hicks, and Marston (22) , on the other hand, found no 
leucocytosis, either relative or absolute, in human subjects on an otherwise 
purine-free diet, following the oral ingestion of nucleic adds of vegetable or animal 
origin. 

Limit (23) ascribed the “leucopenia” he found following injections of peptone, 
nucleins, and sodium urate to a leucolytic phenomenon in the inner organs; the 
leucocytosis which followed he thought a function of this lysis reflected in a direct 
response from the bone marrow. These Ieucopenic-leucocytic fluctuations of the 
white cells have been the subject of study and conjecture ever since, the mecha- 
nism having been in turn attributed to lysis (23) , redistribution phenomena (24, 25, 
26), positive and negative chemo taxis either within the circulation only (27) or 
between circulation and marrow. 

That additional data relative to the fundamental mechanism of the 
changes ascribed to nudeinate might be available, the series of experi- 
mental observations here reported were begun in the fall of 1924. 

Technical Detail. 

Sodium nudeinate (Merck) from yeast nudeic add was made up in fresh, 
glass-distilled water so that each cc. contained 100 mg. There was no essential 
difference in the action of two different lots from this source nor in a sample ob- 
tained from Dr. Henry Jackson, Jr. The biuret reaction for protein was negative 
when the test was applied to the sodium nudeinate of these experiments. The 
adenine and guanine nudeotides first used were prepared by the autodave method 
of Jones (28) and made available also through the kindness of Dr. Jackson of the 
Thorndike Laboratory. Chemically pure, crystalline adenylic and guanylic 
acids were later supplied through the generosity of Dr. P. A. Levene of The Rocke- 
feller Institute, and used with results entirdy comparable in every respect with 
those obtained from the nudeotide products from the first source. The solutions 
before injection were brought to pH 7.8 by the addition of n/ 10 sodium hydroxide. 
A rdatively large dosage was employed, in the majority of instances 1 gm. inlOcc., 
in order that the effects, if any, might be derided enough for detection and analysis 
of the mechanism. Clinically there was considerable variation in the severity of 
the reaction in rabbits to the intravenous injections of 1 gm. of the so dium nudein- 
atc, a more or less marked vasoconstriction occurring for from 15 minutes to $ 
hour, followed by vasodilatation and transitory' diarrhea; the temperature registered 
at times 105=F. (normal for rabbits 102-104=). The injection of 2 gm. of sodium 
nudeinate intravenously in Cat 1, respiratory and myocardiographic tracings be- 



406 


LEUCOPENIC AND LEUCOCYTIC STATES 


ing recorded on the kymograph, showed a very transitory increase in the rate, but 
not in the amplitude of the respirations, and a moderate rise in the blood pressure 
maintained for a somewhat longer period. As the nucleotides are less soluble than 
the nucleinate in distilled water and tend to form a gel if the proper pH is not main- 
tained, care is necessary in their preparation for intravenous use. However, 
given in the proper dilutions the guanine and adenine nucleotides did not produce 
the clinical symptoms of toxicity and fever noted with sodium nucleinate in cer- 
tain animals. 

All counts were made with Bureau of Standards equipment. The hemoglobins 
were read in a Duboscq colorimeter with the Newcomer standard. The hematocrit 
determinations were made with the Van Allen pipette. Refractometric readings 
were made for the serum protein estimations. For the Ameth differential counts 
cover-slip preparations were stained with Wright’s blood stain and 100 cells 
counted from each slip and the average percentages taken. In some of the experi- 
ments the differential counts of the white cells were made with the supravital 
teclinic (6) using vital neutral red. The usual routine was employed in the tak- 
ing of the various consecutive samples (7). 

In the experiments in which comparable observations were made from ear vein, 
heart, and liver, the preparations were taken by three people simultaneously. 
Through the anterior mediastinum a needle was introduced into the right ventricle; 
at the same time a small triangle of liver tissue was removed through a small 
abdominal incision and fixed at once in Helly's fluid for histological study, the 
count being taken from the blood welling forth from the freshly cut surface. A 
warm sponge controlled the hemorrhage from the liver, and each succeeding sample 
was taken from a fresh area far enough removed (2 cm.) so that the former manip- 
ulation could not affect the local concentration of white cells. Similar consecutive 
samples of the spleen were taken for fixation and studied histologically in series, 
total counts from the splenic pulp being impossible for comparative studies. All 
such experiments were performed under general anesthesia with sodium-barbital, 
0.4 gm. per kilo being injected intravenously prior to operation. Repeated con- 
trol counts from the peripheral blood were taken before and after the sodium- 
barbital and during the operative procedures, in order to establish their influence 
on the cellular equilibrium of the individual animal before any special substanqes 
were introduced. 

The rabbits undergoing splenectomy were operated upon with aseptic surgical 
technic, under ether anesthesia, and peripheral blood counts as well as other 
clinical observations were used as an index of their condition before special pro- 
cedures were undertaken. In only one instance was appreciable leucocytosis 
noted following, and apparently related to, splenectomy. 

Through the courtesy of Dr. Joseph T. Weam, it was possible to carry out 
experiments with the oncometer in which changes in the volume of the spleen, 
during the reaction to sodium nucleinate, were recorded on the kymograph. 
Because of the small calibre of the vessels entering and leaving the spleen in the 
rabbit, it is difficult to secure excursions of systole and diastole, such, for example, 
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as are observed with the kidney; nevertheless, the pulsations of the arteries 
entering the spleen were plainly visible through the glass oncometer at all times, 
the return flow through the veins was unobstructed, a constant temperature was 
maintained, and the tracings recorded were in every particular identical with 
those reproduced by Roy (29), Schafer and Moore (30), and others. Therefore, 
it is believed that these observations may be taken as at least tending to support 
the general conclusions with reference to the spleen, that have been reached by 
the other avenues of approach to the problem. 

Forty-one rabbits were studied. Many of them were used for repeated ex- 
periments for comparison and contrast of the same and different substances in 
the same individuals, as may be seen from the charts. Six experiments were 
performed, in which a survey of peripheral blood, heart, and liver after sodium 
nucleinate was made every' 15 minutes, repeated samples of liver and spleen being 
removed for histological study. Uncomplicated studies of the peripheral blood 
after sodium nucleinate were made in six rabbits, after guanine nucleotide in six 
rabbits, and after adenine nucleotide in three. Splenectomy' was performed in 
seven rabbits; and tracings with the spleen in the oncometer were taken in ten 
animals to correlate with cellular data, from the peripheral blood, after sodium 
nucleinate. Correlation of repeated differential counts from peripheral blood and 
splenic puncture, taken before and after sodium nucleinate, was made in two 
animals (Table I). 

The Bone Marrow during the Reaction to Sodium Nucleinate. 

Following the intravenous administration of 1 gm. of sodium nudein- 
ate into normal rabbits, there developed immediately in practically 
every instance a leucopenia which lasted for several hours (Charts 
1 to 3 A) . No leucolytic e6ect could be observed in in vitro tests made 
according to a method previously described (31) and the transitory 
vasomotor disturbances in the peripheral vessels passed off much 
sooner than the leucopenia. A leucocytosis, usually of considerable 
magnitude (50,000 to 100,000), but varying with the individual, suc- 
ceeded this leucopenic period and in some instances lasted into the 
2nd, 3rd, and 4th days (Chart 1). During the leucopenia the fall in 
total number of cells was primarily due to a decrease in the neutro- 
philic group (Chart 3), while the leucocytosis reflected greatly in- 
creased numbers of this cell type. The basophilic and eosinophilic 
leucocytes followed the fluctuations of the neutrophilic cells in 
miniature, disappearing entirely in the leucopenic phase and show- 
ing a slight increase in absolute number during the leucocytosis. 
The lymphocytes, in our experience, may or may not decrease in 
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Chart 1. Rabbit 1, T 28. Leucopenia (minimum 2280) induced by 1 gm. of 
sodium nucleinate, and followed by a leucocytosis (maximum 69,700) on the 2nd, 
3rd, and 4th days thereafter. 


UB C 



Chart 2. Rabbit 2, T 80. Leucopenia (minimum 1900) after sodium nu- 
cleinate which lasted for about S hours, with a leucocytosis reaching a maximum 
of 105,100 8 hours following the injection. 



Ti ae VZ 
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Chart 3A. Rabbit 3, T 35. There is here a depression of lymphocytes and 
monocytes following sodium nudeinate, but with only a return to normal there- 
after, and some animals have not shown the depression in these groups. Both 
leucopenia and leucocytosis are primarily a reflection of variations in the myeloid 
group of cells originating in the bone marrow. Differential count of white cells 
made from cover slip films stained with Wright’s blood stain. 
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CnART 3B. Rabbit 3, T 35. There is a “shift to the left” in the Ameth pattern 
first noted 4 hours after sodium nudeinate and coincident with the onset of 
leucocytosis. This "shift” is indicative of the large part played by the bone 
marrow in the reaction. 
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absolute number during the leucopenia, but we have never observed 
a subsequent lymphocytosis of any moment in this series. The same 
may be said of the monocytes. A “shift to the left” in the Arneth 
pattern (Charts 3B, 10B) of the nuclei in the polymorphonuclear 
neutrophilic leucocytes indicated an increased delivery of cells from 
the bone marrow as at least' one factor of importance in the phenome- 
non. Histological examination of the bone marrow during the hours 
just following the sodium nucleinate showed a markedly speeded up 
process of maturation of Myelocytes “C” (32, 33) into motile leuco- 
cytes; a mobilization of these cells about patent sinuses together with 
active diapedesis characterized the marrow in every instance. 

Fig. 1 is a photomicrograph of the marrow from Rabbit 6 (Chart 6) 2 hours 
after the injection of 1 gm. of sodium nucleinate, while the period of leucopenia 
still existed in the general circulation, as indicated by counts from liver, right 
ventricle, and periphery. The sinus is surrounded by a continuous border of 
encroaching neutrophilic leucocytes in active diapedesis, the open spaces to right 
and left indicating the gradual depletion of the myeloid reserve of that focus. 
This appearance is identical with that observed after the injection of inactivated 
typhoid organisms (Figs. 22 to 24 in a former paper (34)). Fig. 2 shows a mar- 
row after two injections of sodium nucleinate, the second having been given on the 
4th day following the first, when the count had regained the normal level. The 
depletion of the myeloid elements with the beginning displacement of the fat cells 
preliminary to reparative metaplasia reveals a latent response on the part of the 
marrow, similar to that when a demand is made for increased cells from the late 
myelocyte level without the accompanying presence of a maturation factor (33, 35). 

Analysis seemed to indicate that the response from the bone marrow 
to nucleinate preceded the subsidence of the leucopenia. To measure 
the response and to find if possible the location of the white cells during 
the leucopenic phase, surveys of certain of the abdominal viscera were 
undertaken. 

The Liver and the Lungs during the Reaction to Sodium Nucleinate. 

In none of the experiments was there observed a rise in the cells in 
the liver during a fall in the peripheral blood, while the circulation of 
the animal was maintained unimpaired. 

Charts 4 to 6 give the concentration of white cells in ear vein, right heart, and 
liver with the animal under sodium-barbital anesthesia and the abdomen opened 
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tinder aseptic precautions. In each instance the leucopenia following sodium nu- 
cleinate was registered in the right ventricle and liver as well as in the peripheral 
blood, with no gross evidence of dilatation of the vessels of the splanchnic area. 
In both Rabbits 5 (Chart 5) and 6 (Chart 6) the counts in the peripheral blood 



Chart 4. Chart 5. 


Chart 4. Rabbit 4, T 49. The leucopenia following sodium nucleinate is 
the expression of a depression in the total white cells in the general circulation 
(counts from peripheral vein, right ventricle, and liver). The situation of the 
digits along the abscissa in Charts 4, 5, and 6 indicates the points at which liver 
and spleen tissue were removed for histological study. 

Chart 5. Rabbit 5, T 37. The changes in total white cells following sodium 
nucleinate, the institution of artificial respiration, and the administration of 
caffeine are similar; specimens from periphery, right ventricle, and liver. 



Chart 6 . Rabbit 6, T SO. The leucopenia after salvarsan or sodium nuclei- 
nate occurs both m the central and peripheral blood; successive simultaneous 

counts from ear vein, right heart, and liver. 


were h'ghcr, not lower than the other counts taken simultaneouslv, but the genen 

n Rabtit 6 Zf ^ ^ directi ° n - injections of salvarsa 
cells inf h c Uvcr TTZ dc P res . SIons » ^ total cells without an increase i 
. m th ° ush thc transitory leucopenia following such injections ha 

been attnbuted to tins organ (36). The figures along the abscissa 
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indicate the points at which tissues from spleen and liver were removed for fixation. 
The microscopic study of sections of the liver from all the animals of the series 
showed that there had been no accumulation of leucocytes in the capillary bed 
of the organ during leucopenia. 

Most of the estimations of the local concentration of cells, hereto- 
fore, have been made from histological sections of postmortem material 
or from counts from the liver after the circulation had ceased. In 
following successive counts from the liver both before and after 
death the explanation may be seen, perhaps, for the conception, 
generally current, of the large part played by the liver as a storehouse 
for the white cells in leucopenia. The profound disturbance in distri- 
bution of cells in the circulation at the moment of death makes it 
essential to take all preparations for total and differential counts of 
blood cells from organs while the animal is still alive and in good con- 
dition, that is to say, not in a state of shock. 

In Chart 7 it will be seen that during the leucopenia the white cells in the liver 
remained low and only began to rise gradually coincident with the rise of cells 
in the general circulation. However, within 2 minutes of the death of the animal, 
the total count of white cells in the liver had risen from 11,000 to 37,000; the 
differential counts of the white cells, on the other hand, at 4:20 and at 4:24 were 
identical, a finding quite at variance with the increase as analyzed in the peripheral 
blood during the leucocytosis following sodium nucleinate (Chart 3). In this 
animal red cell counts were taken from periphery and liver at the same time that 
the white counts were being noted, in order that any changes in blood volume 
might be indirectly estimated. The remarkable constancy of the variations in the 
number of red cells in liver and periphery shows the specificity of the fluctuations 
in white blood cells. 

Rabbit 8 (T 67) was splenectomized. The counts in liver and periphery after 
sodium nucleinate were 5200 and 8800 respectively. During the experiment the 
animal died and 2 minutes after death the white cells in the liver were 23,700 
per c.mm. In this instance also red cells from liver and ear vein were taken, as in 
Rabbit 7, and showed the same gradual fall in total numbers per cc. In Rabbit 
15 (T 101), uninjected and normal, the total count from the liver just prior to death 
by air embolism was 6300, 1 minute after death it was 10,300, and 6 minutes after, 
19,000. Rabbit 16 (T 91) showed 8000 cells in the liver just before death by air 
embolism, at the end of an experiment with the spleen in an oncometer during 
sodium nucleinate leucopenia and leucocytosis, while 2 minutes after death the 
total white cells in the same organ were 24,000 per c.mm. 

Thus, whether under normal conditions, or in the splenectomized 
animal, whether during the height of the leucopenia or during the 
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leucocytosis after sodium nucleinate, consecutive counts taken from 
the liver before and after death show the same marked relative dis- 
crepancy in total numbers, though not in differential counts. In 
other words, the sudden increase in total white cells in the liver imme- 
diately after death is due to a redistribution of the white cells in the 
circulation at the moment of death, and not to a sudden influx of new 
cells from the bone marrow or spleen, as when a true increase in avail- 
able cells of any type occurs. It would seem, therefore, that all 
estimates of redistribution phenomena must be made until the circula- 
tion unimpaired, and that, under the conditions of the experiments 
here cited, the changes within the liver blood do not initiate but reflect 
the leucocytosis following leucopenia after sodium nucleinate and 
salvarsan. There is within the organ no concentration of cells during 
the period of depression other than that found in the general circula- 
tion. All sections studied in this series shoving increased numbers of 
granulocytes in the capillaries of the liver were taken at a time when 
there was a leucocytosis in the peripheral blood also. All tissue was 
taken from the anesthetized living animal and fixed immediately. 

Since these observations were made, A. F. B. Shaw (2) and Webb (37) have 
reported similar studies on leucocytic distribution. Shaw found in normal rabbits 
and dogs under chloretone a uniform distribution of leucocytes at any given mo- 
ment throughout the body, viz., periphery, brain, liver, kidney, lung, mesenteric 
vein, and both sides of the heart. He emphasized the dangers in prolonged ex- 
periments of maldistribution of the leucocytes, induced, presumably, by circulatory 
disturbances following shock, and reported profound inequality in body distribu- 
tion of leucocytes immediately after death. The problem of leucocytic distribution 
in the dog’s body during horse serum anaphylaxis was studied by Webb, who 
found the transitory decrease in total cells from the capillary blood of liver, in- 
testines, kidney, spleen, bone marrow, and from portal vein to parallel that of the 
periphery. This was controlled by the study of sections which revealed no ag- 
gregations of leucocytes within the capillaries of these organs. However, from 
the pulmonary vein during acute anaphylactic shock he obtained fewer leucocytes 
than from the pulmonary artery, and sections showed enormous numbers of leu- 
cocytes in the capillaries of the lungs. This confirms the earlier findings for the 
lung of Goldscheider and Jacob (24), Bruce (38), Andrewes (39), and others 
working with protein and bacterial antigens. However, Schilling (40) , in studying 
Oeller’s (41) tissues after anaphylaxis, analyzed this finding of specific accumula- 
tions of leucocytes in capillaries of the lung as secondary to the enormous local 
swelling of the endothelial cells. This would seem, therefore, to be a special 
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phenomenon associated •with anaphylactoid sensitivity, the leucopenia being 
secondary to the mechanical factors involved in local swelling of the endothelium 
of the pulmonary capillaries. On the other hand, a study of the lungs during the 
leucopenic phase after sodium nucleinate, or as Wells (42) found after bacterial 
injections, showed no such accumulations of leucocytes to account for the periph- 
eral leucopenia. Wells studied the leucopenia in rabbits following bacterial 
injections, and reported the finding of uniformly low counts from the blood of 
splenic and mesenteric arteries, splenic, portal, hepatic, and superior mesenteric 
veins, the parenchyma of the lung, both ventricles of the heart, and the marginal 
ear vein. In sharp contrast were the number of leucocytes obtained from bone 
marrow and liver, and especially from the blood of the parenchyma of the spleen. 


TABLE I. 

Relationship of Myeloid Cells in Peripheral Blood and Spleen Following 
Sodium Nucleinate. 
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The Spleen during the Reaction to Sodium Nucleinate. 

Having demonstrated that the leucopenia was not due to a stasis of 
leucocytes in the liver, lungs, or splanchnic area we turned more 
directly to the spleen as the organ of all the abdominal viscera most 
likely to be involved in the general phenomena in which we were in- 
terested, both from the nature of its anatomical structure and from 
what is known of its function. Because of the large number of cells 
in the spleen not in circulation at any given moment, total counts to 
compare with those from heart and liver were not attempted, but in- 
stead the differential count of cells, obtained by puncture with a fine 
capillary pipette, was made with the supravital technic (43), and 
compared with the findings in the peripheral blood. With this method 
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successive splenic punctures during the leucopenic-leucocytic periods 
following sodium nucleinate showed a gradual but definite increase in 
percentage of neutrophils in the splenic parenchyma. 

It will be seen from Table I that the myeloid cells may be considered to make up 
from 15 to 20 per cent of the cells obtained under the conditions of splenic puncture. 
In Rabbit 17 (T 98), If hours after sodium nucleinate, they had increased 21 per 
cent, or to 40 per cent of all the cells, while the myeloid cells in the peripheral 
blood had decreased from 66 to 47 per cent. In Rabbit 18 (T 99) the increase of 
myeloid cells in the spleen was from 16 to 30 per cent in 1 hour after sodium nu- 
cleinate, and to 48 per cent in 2f hours, while the peripheral count fell from 18,000 
to 8400 and myeloid cells from 64 to 30 per cent the 1st hour. The total number 
of lymphocytes in the peripheral blood throughout remained relatively constant 
though showing percentage fluctuations of 31 to 68 to 14 per cent, again emphasiz- 
ing the specificity of the effect of the nucleinate on the neutrophilic group of white 
cells. 

The histological evidence from the fixed sections of spleen, removed 
in series at the times when the specimens of the liver, previously men- 
tioned, were taken, shows a gradual increase in neutrophilic leucocytes 
in the parenchyma of the spleen following sodium nucleinate. 

In Charts 4 to 6 the points at which splenic tissue was removed for section are 
indicated by the digits along the abscissas. Fig. 3 represents the normal spleen 
of Rabbit 4. Fig. 4 shows another portion of the same spleen 1 hour after sodium 
nucleinate (see Points 1 and 3 as marked on Chart 4). The beginning accumula- 
tion of small foci of granulocytes in Fig. 4, more particularly, at this early stage 
after the nucleinate, near the vessels, may be seen. The diffuse scattering of 
increased numbers of individual neutrophils throughout the parenchyma of the 
organ is not so apparent at this magnification. Fig. 5 is a photomicrograph of a 
section of the spleen of Rabbit 19 (T 31), 8 hours after sodium nucleinate during 
a leucocytosis reaching 60,000 to 70,000, which had started 3 hours before, after 
a leucopenic period of 5 hours. 

This is representative of several experiments tending to show that 
the leucocytosis following the leucopenia is not simply the releasing 
of the cells stored up during the leucopenic period, in other words a 
temporary redistribution phenomenon, but the result instead of an 
increased activity of the hemopoietic centers, initiated early and main- 
tained for considerable periods. 

The series of oncometer experiments for the study of changes in 
volume of the spleen during the leucopenia-leucocytosis reaction to 
sodium nucleinate reveal a definite increase in the size of this organ. 
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The kymograph records, covering periods of hours, are far too voluminous to 
reproduce except in very schematic form, but in all particulars they resemble 
those illustrated in similar studies on the spleen (29, 30). The relative changes 
in splenic volume, as recorded and synchronized with the total white count from 
the peripheral blood, are represented diagrammatically in Chart 15. The control 
period gave the well recognized inherent contractions of the spleen during the 
base line observations 45 minutes before 1 gm. of sodium nucleinate was injected 
into the ear vein. Coincident with the onset of leucopenia, the splenic volume 
started to increase; when the count first began to rise (5.25 p.m.), there was a slight 
contraction of the spleen, but as the count reached 50,000, the volume again 
increased, reaching an equilibrium. At a moment when the total count had 
fallen again to about 10,000, 4 cc. of a 1 : 1000 solution of adrenalin was introduced 
into the vein; this was followed immediately by a strong contraction of the spleen 
and a coincident rise in the white count to 26,400; after the return to the former 
volume and white count, mechanical stimulation of the saphenous nerve gave a 
similar synchronous fall in spleen volume and rise in peripheral white count, 
differing only quantitatively from that previously recorded. 

Roy (29), who first adapted the plethysmograph to the investigation of changes 
in organ volume, described the rhythmic contractions of the normal spleen in dog, 
cat, and rabbit, and found that stimulation of the central end of a cut sensory 
nerve caused a rapid contraction of the spleen. Oliver and Schafer (44) and Schafer 
and Moore (30) confirmed this and described an enormous contraction of the 
spleen after the injection of extracts of the suprarenal gland. 

Apparently in a state when the spleen is known to contain large 
numbers of myeloid cells, as illustrated in the case of Rabbit 19 (Fig. 
5) , any marked contraction of the organ might be expected to force 
out neutrophils, even as it does lymphocytes, under adrenalin 
stimulation in the normal (7). Barcroft’s (45) conclusions with 
reference to the relation of spleen and the reserve of red cells 
would seem equally apropos for the white cells under the conditions 
just cited: It (the spleen) has a function entirely in conformity with 
its muscular structure, being in fact a reservoir of corpuscles at once 
fitted by its reticulum to detain them, and by its musculature to expel 
them when required to do so.” de Boer and Carroll (46) further 
deduced that the material expressed from the spleen was largely cor- 
puscles (red cells) because the CO content of the blood in the splenic 
vein drawn during a contraction was intermediate between that of 
splenic artery and pulp. 

. A stud >' °" f platelets in the majority of the experiments here 
cited (Charts /, 9, 14) revealed a clumping into large masses quite 
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impossible to separate for counting, during the period represented by 
the leucopenic phase. In the spleen an increase in the number of 
granulocytes phagocytized within the clasmatocytes was noted during 
their increasing infiltration of the parenchyma. These observations 
suggest that the nucleinate molecule in some way alters temporarily 
the surface of these cells, and of the platelets, sufficiently to per- 
mit of their adhesion and filtration in the parenchyma of the spleen, 
but not within the endothelial lined capillar}' beds of other organs. 
Those sufficiently injured are taken up by the phagocytic cells so 
abundant in the spleen normally, the remainder being returned to the 
circulation at a later time. That the majority of the white cells are 
not permanently injured or destroyed seems clear. Also the fact that 
lymphocytes and monocytes remain relatively undisturbed in many 
of the reactions militates against the concept of a purely mechanical 
factor in the leucopenia. 

The Effect of Splenectomy on the Leucopenia Produced by Sodium 

Nucleinate. 

The crucial test of the importance and extent of the role of the spleen 
in the leucopenia of sodium nucleinate origin is obviously to be found 
in observations after splenectomy. A series of splenectomies were 
accordingly performed before, during, and after sodium nucleinate 
administration. 

No depression or shock, such as that described by Larsell, Nokes, and Phillips 
(20), was noted in the splenectomized rabbits after nucleic acid. Chart S shows 
the leucopenia following 1 gm. of sodium nucleinate with the removal of the spleen 
at the time which, in the majority of the animals, proved to be about the middle 
of the period of depression in the peripheral count. A leucocytosis reaching 
52,000 was immediately precipitated. It will be seen from Charts 7, 9, and 10 A 
that aseptic splenectomy does not cause such a rise in the white count per sc. 

Partial splenectomy, as performed in Rabbit 9 (Chart 9), did not prevent the 
usual leucopenia, but after complete removal of the remaining portion of the organ 
at a later operation there was not the characteristic leucopenia with sodium 
nucleinate in the original dosage, and the leucocytosis followed more speedily, 
the highest count reaching 110,000. In this instance the lowered platelet count 
was due to the agglutination of the platelets and not to an actual decrease in their 
numbers, and the red counts indicate indirectly the relative constancy of the blood 
volume. Rabbit 7 (Chart 7) showed the onset of leucocytosis after splenectomy 
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within 2 \ hours of the sodium nucleinate injection on three different occasions 
over a period of 3 months . On all three occasions the tendency of the white count 
to maintain its normal rhythmic equilibrium undisturbed until the real increase 
was apparent from the bone marrow was clear from the preliminary counts, which 
may be taken as an indication that the latent period of response for the hemopoietic 
organs under this stimulus in this individual was between 2 and 3 hours. Here 
again the clumping of the platelets was found but without an accompanying leu- 
copenia as in the normal rabbits, and the close conformity of red cells from mar- 
ginal ear vein and liver indirectly controls the estimation of blood volume and 
stasis factors. 



Chart 8. Rabbit 8, T 67. Splenectomy in the midst of the leucopenic period 
after sodium nucleinate was followed immediately by a leucocytosis reaching 
55,000, a high zonal range for the white cells being maintained on the succeeding 

2 days. Such a leucocytosis does not necessarily follow splenectomy, as indicated 
on Charts 7 and 9. Scrum protein, plasma-cell ratio, hemoglobin, and total 
red cells arc recorded as an indirect control of changes in the blood volume. 

In Rabbit 10 (Chart 10A) the latent hemopoietic response to sodium nucleinate 

3 days after splenectomy occurred in 1 hour and 40 minutes, and again, 18 days 
after, in 21 hours, with no tendency to Ieucopcnia comparable with that observed 
under identical conditions in the normal animal. Chart 10B shows the Ameth 
differential count of the neutrophilic leucocytes during the first experiment with 
the nucleinate, the “shift to the left” being apparent within an hour and marked 
at 2 hours. Thus the response of the bone marrow to a chemotactic stimulus, 
to be discussed later, was here apparent in the total count within 2 hours and quali- 
tatively within an even shorter period. On Chart 10A in the second experiment 
(May 5) arc recorded the complete scries of observations including serum protein, 
cell-plasma ratio, red cells, and hemoglobin taken coincidently with the white cells 
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and indicating the specificity of the leucocytic response. In order that the 
condition existing during the leucocytosis so frequently observed on the day 
following the sodium nucleinate injections might be observed, an abdominal in- 
cision was made under sodium-barbital anesthesia, and total red and white counts 
taken simultaneously from liver, right ventricle, and ear vein. It will be seen that 
the red cells from the three sources showed comparable numbers and fluctuations, 
but that the white cells in the periphery showed fluctuations entirely independent 
of the liver, even in the absence of the spleen. 

With the spleen eliminated from the rabbit sodium nudeinate, 
under the conditions outlined, repeatedly produced a leucocytosis, 
■without preceding leucopenia, within a period of time one-half to one- 
sixth of that required in animals in which the spleen was intact, the 
latter invariably showing a profound leucopenia immediatdy following 
the nudeinate injection. 

Scheunert and Krzywanek (47), following the work of Barcroft and his associ- 
ates , have shown that for 1 year after splenectomy there is no change in erythrocyte 
volume after exercise, and they conclude that the spleen is the only organ which 
regulates the number of circulating erythrocytes. With reference to the white 
cells, Viale (48) has recently reported experiments with direct electric stimulation 
of the spleen of the dog exposed at laparotomy under chloral narcosis. The 
occurrence, immediately following faradic stimulation, of a leucopenia in the blood 
of the splenic vein with the differential count unchanged, and without changes 
comparable in direction or degree in the red cells, led him to ascribe the phenom- 
enon to a contraction of the spleen with adherence of white cells to the vessel 
walls. Direct mechanical massage of the spleen gave no changes in red or white 
cells. He describes the spleen as an organ of mechanical regulation of the number 
of both red and white cells. Soler (49) found, on the basis of postsplenectomy leu- 
cocytosis, a capacity inherent in the spleen for selective regulation of the circula- 
tory corpuscular elements. He proposes the term "sissoressi” from the Greek 
meaning ‘T accumulate.” However, no critical analysis was made of the mech- 
anism or cause of the leucocytosis he observed, and in our own experience aseptic 
splenectomy is not followed necessarily by a leucocytosis . 

That the spleen may, under certain conditions, act as a temporary 
reservoir for myeloid white cells and thus exert something of a regu- 
latory' function, more or less beneficial, over their availability to the 
general circulation and tissues seems clear. As Krumbhaar (50) has 
pointed out in reviewing the anatomy of the spleen, “the shunts through 
the pulp offer splendid opportunities for storage and cellular meta- 
bolic mechanisms and in fact clinical evidence indicates that at times 
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the backwaters thus afforded may become a positive disadvantage.” 
The leucopenia of splenic origin after sodium nucleinate represents 
such a “positive disadvantage.” On the other hand, it is just as clear 
that the spleen is not the sole regulatory mechanism for white cells in 
the body and that its function in this direction is accessory rather than 
primary. In the case of the leucopenia following injections of sodium 
nucleinate in the normal rabbit, the spleen seems to be the only organ 
involved, but that this may not be true under different conditions, 

rsrcc-i 



Chart 10B. Rabbit 10, T 62. In this instance the “shift to the left” in the 
Ameth pattern for the neutrophilic leucocytes is evident sooner than it was in the 
normal rabbit (sec Chart 3B) , and coincides with the earlier appearance of leuco- 
cytosis in the splenectomized animal. The speed of the response from the bone 
marrow may be deduced from the “shift” in the Ameth curve, in animals in which 
the spleen does not act as a reservoir for the white cells. 

has been shown in the work already dted on the mechanism of leu- 
copenia in anaphylaxis. 

The Ejjccl of Adenine and Guanine Nucleotides. 

With the thought that the factor responsible for this stimulus to the 
neutrophilic leucocytes and apparently acting directly on the hemo- 
poietic tissues, might reside in one of the nucleotides of which the more 
complex nucleinate molecule is composed, and that the cause, mechani- 
cal or chemical, of the leucopenia might be eliminated, experiments 



60,QQ0 



424 



DOAN, ZEREAS, WARREN, AND AMES 


425 


were undertaken with, adenine . and guanine nucleotides, the only 
immediate split products of nucleic acid available at the moment. 

Chart 11 records graphically the reactions to different dosages of adenine nucleo- 
tide and to sodium nucleinate in Rabbit 11. One-half gm. of adenine gave no 
detectable increase of cells on the 1st day and only a slightly suggestive response 
on the 2nd day. One gm. of the same substance 6 days later showed an appreci- 
able rise above the control counts within 1 { hours of the injection, and a leuco- 
cytosis reaching 40,000 between 2 and 4 hours after. The same animal, when 



Chart 12. Rabbit 23, R 409. One gm. of adenylic acid (Dr. P. A. Levene) 
initiated a lcucocytosis o£ neutrophilic origin within 1 1 hours, the curves being 
identical in type with those produced by the guanine nucleotide in Charts 13 and 
14. Differential counts of the white cells made with the supravital technic; slight 
lymphopenia, no lymphocytosis; monocytic rise an individual rather than a spe- 
cific response probably; red cells and hemoglobin within normal limits. 


given 1 gm. of sodium nucleinate 6 days after the second dose of adenine, showed 
a typical leucopcnia lasting for more than 9 hours w ith a lcucocytosis the 2nd day 
reaching 80,000. 

One gm. of adenylic acid in 15 cc. of distilled water, with just enough n/ 10 NaOH 
to put it into soiution, produced a slight increase in the neutrophilic leucocytes 
within 45 minutes that was well marked in 11 hours (Rabbit 23, R 409, Chart 12). 
The lcucocytosis was maintained during the succeeding 3 days, the highest count 
being recorded on the 2nd day. The differential count of the white cells made 
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Note the clumping of the platelets after sodium nucleinate during the lime when leucopenia is usual in non-splenec- 
tomized animals. 
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with the supravital technic showed the specificity of the effect on the myeloid cells 
with the maximum a threefold increase in polymorphonuclear neutrophils. The 
neutrophilic leucocytes showed unusually active motility, there was a definite 
increase in the percentage of younger forms, and Myelocytes C and metamyelo- 
cytes were recorded in four of the counts on the day of the injection and in one 
count on the 2nd day. The lymphocytes showed a slight depression on the 1st 
day, but no lymphocytosis followed. The monocytes in this instance were in- 
creased in total number, particularly on the 2nd and 3rd days, but this would 
appear to be an individual idiosyncrasy of the animal instead of a part of the usual 
response. Red cells and hemoglobin remained within the normal limits of varia- 
tion. There was no temperature reaction. 



Chart 15. Rabbit 14, T 108. During the leucopenia following sodium 
nucleinatc the spleen increases in volume. This increase is maintained through 
the initial period of leucocytosis, at least, and correlates with the numerical and 
histological evidence of greatly increased numbers of neutrophilic leucocytes in 
the splenic pulp. Coincident with the splenic contraction after adrenalin and 
after mechanical stimulation of a sensory nerve there was, in each case, a transitory' 
increase in the white cells. 

On Chart 13 may be followed the contrast in the effects of guanine nucleotide 
and sodium nudeinate in the same individual. The response after the administra- 
tion of 1 gm. of guanine nucleotide was immediate, as evidenced by the control 
counts preceding. The leucocytosis reached 40,000 within 3 hours and a high 
count was maintained for the succeeding 2 days, the normal range being reached 
only on the 4th day'. Five days after the guanine 1 gm. of sodium nucleinatc was 
given, which resulted in a leucopenia lasting for more than 4 hours, the leucocy- 
te follow ing being relatively low. This illustrates a latent period in the replace- 
ment of Myelocytes C after their depletion in response to the first chemotactic 
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substance, during which period a second chemotactic stimulus is relatively ineffec- 
tive. Serum protein, red cells, hemoglobin, and cell-plasma ratio were followed 
in this animal, as in others, and showed no appreciable difference with the two 
substances. Guanylic acid in a dosage of 450 mg. (Rabbit 24, R 410) produced a 
proportionate immediate increase in the neutrophilic leucocytes identical with the 
curves shown on Charts 13 and 14 where guanine nucleotide was used. No tem- 
perature or constitutional reaction was noted. 

Chart 14 shows similarity of the response to sodium nucleinate and guanine 
nucleotide in a splenectomized rabbit. Within 1J hours after sodium nucleinate 
the count was 45,000, while within 45 minutes after guanine nucleotide the count 
was 23,000, and at 1} hours 42,000. The highest point readied under the sodium 
nucleinate was 75,000, 2-} hours after the injection, the highest point in this animal 
under guanine was 42,000, reached after 1} hours. 

Both adenine and guanine nudeotidcs from two sources, in a dosage 
comparable to that used with sodium nucleinate, gave leucocytosis 
without preceding leucopenia, the effectiveness of the response being 
noted within the usual period of leucopenia after nudeinate. The 
leucopenia, described earlier, is, therefore, associated only with the 
more complex molecule, virile the spedfidty of the stimulus to the 
neutrophilic leucocytes is retained by the less complex split products. 
In brief, the response of the splenectomized rabbit to sodium nude- 
inate is the same as that of the normal rabbit to the nudeotides. 

The Effect of Sulfur and Peptone. 

Since flowers of sulfur in olive oil given subcutaneously and peptone 
(Witte) given intravenously, have been used dinically to induce a 
leucocytosis, they were administered under controlled conditions to 
compare with the response to sodium nudeinate. 

Fourteen mg. of flowers of sulfur in 2 cc. of olive oil were injected intramuscu- 
larly into Rabbit 20 (T 36). From a preliminary base line of 5500 to 7600, the 
counts rose to 10,000 and 11,000 1 hour and 1} hours, respectively, after the 
injection. These two counts were the only ones throughout the day going above 
8700 and none were lower than 5500. This is well within the range of normal 
fluctuation for white cells in a rabbit in which counts are made every quarter hour 
during the day. 

The injection of 1 gm. of Witte’s peptone intravenously in Rabbit 21 (T 38) 
was followed by a fall in the white count from a preliminary zonal level of 9400- 
10,900 to 5200 in 7 minutes, coincident with a vasoconstriction; 15 minutes later, 
however, coincident with vasodilatation, the count was 10,400, and the count for 
the remainder of the day fluctuated between 6000 and 12,400. 
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The degree and the nature of the effects of nucleinate and nucleotides 
seem to be quite distinct from those observed in these last instances. 

DISCUSSION. 

The foregoing experiments reveal a prompt unequivocal response 
of the bone marrow, in the delivery of new mature neutrophilic leu- 
cocytes to the circulation, after the introduction intravenously of 
large doses of sodium nucleinate. However, there is a latent period 
in the replacement of the cells at the level of the Myelocyte C, in bone 
marrow, as shown through the inability to reproduce a comparable 
leucocytosis after too frequently repeated injections. Examination 
of the bone marrow confirms the rapid depletion of the myeloid fod 
followed by only a gradual replacement. Thus sodium nudeinate and 
adenine and guanine nucleotides contain stimuli capable of calling 
forth new neutrophilic cells so long as there is an adequate reserve of 
myeloid cells at the level of Myelocyte C, but they lack any factors 
specifically active for the maintenance of this level. 

Ehrlich (51) defined chemotaxis as the attractive force, from microorganisms 
or toxins, for bringing cells from the large reserve always found in marrow. This 
term Cohnheim had acquired from the botanist Pfeiffer and carried over to the 
reaction involving the cells in inflammation (40). The first suggestion of a 
physiological factor with such potentialities was made by Horbaczewski (52) 
who correlated supposed digestion leucocytosis with an Increase in the uric acid 
of the blood. However, Ewald (53) found uric acid relatively inactive in dogs 
in contrast to thymus and yeast nucleic acids and xanthine and guanine, the latter 
all inducing appreciable leucocytosis. Muir (54) assumed from his study of the 
marrow cither a hyperplasia of myelocytes secondary to the exodus of leucocytes 
into the blood on the principle of overregeneration after repeated loss, as suggested 
by Weigert, or that the chcmotactic substances directly stimulate cellular 
proliferation. 

Sabin and Doan (33) bave recently presented the reactions of bone 
marrow in terms of two factors, first a chemotactic factor (C) which 
acts directly on the myelocytes of Type C with an immediate 
response to a demand for increased leucocytes, such as that exempli- 
fied in the response to sodium nucleinate or guanine within 45 minutes 
to 2?. hours as here described; second, a maturation factor (M), not 
necessarily in association with the chemotactic factor, but which is 



430 


LEUCOPENIC AND LEUCOCYTIC STATES 


necessary for a maintained leucocytosis, through an active regeneration 
of myelocytes in the marrow without the latent period involved in 
Weigert’s principle. Sabin (35), in a current review on bone marrow, 
discusses these factors in detail and presents a new basis upon which 
to approach the whole problem of the chemical control of the matura- 
tion and delivery of red and white cells from the hemopoietic centers. 
On such a basis as she formulates, it may be that nucleic acid and its 
immediate derivatives will be found to be important chemotactic fac- 
tors used physiologically by the body in the maintenance of the normal 
equilibrium between supply and demand and even in pathological 
states. That a so called maturation factor is lacking in this group of 
substances would be the only conclusion justified from the data thus 
far accumulated. The myelocytic replacement here seems dependent 
only upon the principle of “overregeneration after repeated loss.” 
Bacon, Novy, and Eppler (55) ascribe the leucocytic response in in- 
fection to non-specific stimuli arising from a quantitative alteration 
in the body metabolism rather than directly from infecting organisms, 
in other words, a response to the same stimuli which on a smaller scale 
produce the variations of normal values in the absence of infection. 
Under such a concept the importance of nucleic acid and of all the 
possible physiological stimuli is obvious. 

SUMMARY. 

The leucopenia induced by sodium nucleinate has been followed by 
repeated counts made simultaneously from the blood of a peripheral 
vein and from the internal organs, combined with a study of histo- 
logical sections of the same organs taken with the counts. Measure- 
ments with the oncometer of changes in volume of the spleen have 
been correlated with the leucopenia and the leucocytosis following 
sodium nucleinate. It has thus been determined that the leucopenia 
is not the result of a vasomotor phenomenon, or of a change in blood 
volume, nor is it secondary to a retention of the white cells in the 
capillaries of lung or liver; it is due to the accumulation of neutrophilic 
leucocytes in the parenchyma of the spleen. That the spleen is solely 
responsible for the temporary depression of white cells in the general 
circulation under these conditions has been shown by splenectomy. 
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In splenectonrized rabbits no leucopenia developed, but instead a 
leucocytosis due to a direct action on the bone marrow. 

A profound change occurs in the distribution of the cells in the 
circulation at the moment of death. The liver, within a minute of 
the cessation of the circulation, shows a three- to fourfold increase in 
the n umb er of white cells per cm, the differential count remaining 
unchanged. Thus estimations of the physiological distribution and 
redistribution of cells in the living state may be made only with the 
circulation unimpaired. 

The injection into normal rabbits of adenine and guanine nucleo- 
tides, split products of nucleic acid, gave immediate leucocytosis of 
bone marrow origin similar to that observed with the more complex 
molecule when the spleen was eliminated. 

The response of the bone marrow to chemotactic stimuli, such as 
those here used, may be reflected in the general circulation, through 
an absolute increase of young neutrophilic leucocytes, within a period 
of less than 1 hour. Within this brief period there takes place matura- 
tion from Myelocyte C and metamyelocyte into the early motile leu- 
cocyte, and the delivery of these just matured cells into the circulation. 
The response to one injection of nudemate or nudeotide may per- 
sist into the 3rd and 4th days with a gradual depletion of the normal 
reserve of Myelocytes C in the bone marrow. 
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In splenectomized rabbits no leucopenia developed, but instead a 
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EXPLANATION OF PLATES. 

Plate 21. 

Fig. It Femoral bone marrow from Rabbit 6 (T 50) 1$ hours after 1 gm. of 
sodium nucleinate intravenously. The sinus is surrounded with neutrophilic 
leucocytes in active diapedesis and to right and left of the vessel may be seen 
cleared areas from which the myeloid elements have been 1 withdrawn. See Chart 
6. Section 10/x. Methylene blue-eosin. X about 750. 

Fig. 2. Femoral bone marrow from Rabbit 22 (T 33) 18 hours after a second 
dose of 1 gm. of sodium nucleinate, the first having been given 4 days before. 
There is a decrease in size and number of fat cells in inverse proportion to the 
changes in the myeloid foci. It will be noted that the cells have not yet occupied 
all of the space made available for their development by the regression of the fat. 
Section 10/a. Methylene blue-eosin. X about 270. 

Plate 22. 

Fig. 3. Normal spleen from Rabbit 4 (T 49) 10 minutes before 1 gm. of sodium 
nucleinate was given intravenously. See Chart 4, Point 1. Section 10n. 
Methylene blue-eosin. X 190. 
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Fig. 4. Sample of spleen from same experiment as Fig. 3, 1 hour after 1 gm. of 
sodium nudeinate intravenously. Note the beginning appearance of fod of neu- 
trophilic leucocytes in the parenchyma. The darker cells are the neutrophilic 
leucocytes. The diffuse scattering of individual neutrophils throughout the 
pulp is not so easily recognized at this magnification. See Chart 4, Point 3. 
Section 10^. Methylene blue-eosm. X about 190. 

Fig. 5. Sample of spleen from Rabbit 19 (T 31) 8 hours after 1 gm. of sodium 
nudeinate. Leucopenia had lasted for 5 hours, followed by 3 hours of leucocytosis. 
The maximum accumulation of neutrophilic leucocytes in the splenic parenchyma 
is still maintained. The section shows definite foci of leucocytes as well as 
numerous neutrophils scattered throughout the pulp. The darker cells are the 
neutrophilic leucocytes. 10/c. Methylene blue-eosin. X about 190. 
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ALLERGIC IRRITABILITY. 


IV. The Capacity of Guinea Pigs to Produce Antibodies 
as Affected by the Inheritance and as Related to 
Familial Resistance to Tuberculosis. 

By PAUL A. LEWIS, M.D., and DOROTHY LOOMIS. 

{From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, A T . J.) 

(Received for publication, November 7, 1927.) 

Wright and Lewis (1) found that certain inbred families of guinea 
pigs differed in their resistance to experimental tuberculosis. The 
work as published has been carefully repeated and considerably ex- 
tended by them with particular reference to amplifying the results 
of cross-breeding the various families. It thus became apparent that 
the observed variations in familial resistance must depend on the 
varied inheritance of a number of factors or factor groups. The 
operation of at least three or four separately inherited qualities was 
suggested by the genetic results* An analysis of the known physio- 
logical and structural peculiarities of the families was presented by 
Wright and Lewis (1) and later in great detail by Wright (2,3), it 
being shown that such qualities as color, ability to grow at a certain 
rate, weight at a certain age, fertility as measured either by the num- 
ber of young bom or the percentage of young raised to the weaning 
age, or, finally, general vigor as estimated by these several qualities 
combined could be of but minor significance with relation to resistance. 
Thus of the total observed variation in resistance between the families 
about 40 per cent appeared to be dependent on characteristics which 
can be accounted for at present. All of the above characters com- 
bined account for but 7 per cent out of the 40 per cent mentioned 
leaving somewhat over 30 per cent as due to inheritance. It might 

* It is expected that the amplifying data here referred to will be published in 
detail in the near future. 
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therefore, within a range of the observed variation of about 30 per cent, 
be hoped to discover by appropriate experiment one or more inherit- 
able qualities which could be considered influential as determinants 
of resistance. The present authors set themselves this problem. 

Consideration made it clear that our problem was intimately in- 
volved with the uncertainties of knowledge in regard to the natural 
resistance to infectious diseases in general and tuberculosis in par- 
ticular. It has been our plan to fix on certain qualities, which might 
conceivably be influential, and to determine for each so far as possible 
the variability of the inbreds by family. As the result of a succession 
of such studies it is hoped to piece together a picture which may 
suggest either the inherited qualities concerned or more definitive 
experiments to reveal them. 

Among the general biological reactions considered in this connection 
is that of the capacity of animals to acquire an artificial immunity 
or sensitization in response to treatment with antigenically active 
materials, that is to say their allergic irritability (4-6). For it must 
be true generally with infectious diseases that the initial stages of 
infection elicit immunity responses and that these influence the course 
of the disease, its character, and termination. 

In the light of the great accumulation of knowledge with regard to 
specificity of immunization reactions it is possible on one view to 
presuppose that the quantitative relations within any such group of 
animals as that under consideration might vary for each antigen and 
that the only significant reactions for our purpose would be those 
connected with the tubercle bacillus or its products. But at the time 
this problem was taken up it was quite doubtful whether the guinea 
pig had ever been successfully immunized against tuberculosis, and 
it seemed that the effort to acquire the desired information directly 
would be attended with many uncertainties, if it were indeed practi- 
cable in any degree. Provisional experiments in this direction were 
undertaken however and may be reported upon later. 

On the other hand it seemed not impossible that while immunity 
reactions speaking generally are so highly specific, the underlying 
qualities in the animal upon which they depend might be much less 
or not at all so; that in other words within any species an animal easy 
to immunize with one substance might be relatively easy to immunize 
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•with any other, or with some others. As to this the literature afforded 
little information and hence experiments were undertaken with 
various immunity reactions which were easy to execute. We have 
thus studied the formation of hemolytic amboceptor for sheep and 
beef corpuscles, agglutinins for Bacillus typhosus and Bacillus abortus 
(Bang), and the reaction of anaphylaxis to sheep red blood corpuscles 
and to horse serum. From the beginning of the work the results 
have been suggestive with relation to our problem. Incidental results 
of considerable interest with reference to allergic irritability in general 
were also obtained and have been the subject of publications by Lewis 
and Loomis (4-6). 

It was found (4, 6) that preexisting infectious disease, especially tuberculosis 
had a very marked stimulating influence on the quantity of antibodies produced 
by antigens unrelated to those involved in the disease process. This observation 
is pertinent to the present discussion in that it implies that a more or less common 
mechanism underlies the highly specific reactions of immunity with which we are 
more familar and on which we are technically dependent for information in this 
field. 

We found (5) that when the complete experiment used for the classical demon- 
stration of the phenomena of anaphylaxis was carried through on our guinea pigs 
the outcome varied by families and that there was a parallelism between the 
reactions of the families in this experiment and their resistance to tuberculosis 
as determined by Wright and Lewis. Those most resistant to the disease were the 
least responsive in the anaphylaxis experiment. 

The series of papers (particularly Lewis and Loomis (4)) also give in detail the 
methods which we have employed in the estimation of antibody production, some 
discussion of the principles underlying our problem, and a review of the pertinent 
literature. 

Our present purpose is to present and discuss briefly such observa- 
tions as we have accumulated bearing on the varying capacities of the 
inbred families of guinea pigs to produce antibodies, keeping in mind 
especially the question as to whether there is any parallel to be ob- 
served between this capacity and resistance to tuberculosis. 

EXPERIMENTAL. 

In the first instance groups of animals from each family were injected simul- 
taneously with sheep red blood corpuscles and a heat-killed culture of Bacillus 
typhosus. The antibodies, anti-sheep amboceptor and anti-lyphosus agglutinin. 
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*4444*= complete hemolysis; 0 = no hemolysis; d. = dead. 

Of the two readings shown for each individual the first is for the 9th, the second 
for the 22nd day after injection. 
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TABLE II— Concluded. 



were determined on the 9th day after the first treatment. The same animals 
were then treated simultaneously with beef red blood corpuscles and a heat-killed 
culture of Bacillus aborlus (Bang). Again the respective amboceptor and agglu- 
tinin titres were determined on the 9th day after injection. There were three 
animals in each family group. Table I in the 1st column under each subhead 
shows the results obtained in this experment. The experiment was repeated 
using groups of ten animals for each family. The results are shown in the 2nd 
column under each subhead. The arrangement is by family numbers in order of 
decreasing titre from top to bottom. The actual average titres are shown in 
parenthesis and where these are considered to differ by insignificant amounts they 
are bracketed together. In connection with the second experiment the titres of 
the sera for Bacillus abortus in the complement fixation reaction are also shown as 
they emphasize the significance of the differences among sera of low agglutinin 
titre (last column Table I). 

This type of experiment was carried through once more using beef corpuscles 
and the heat-killed culture of Bacillus boviscplicus (Strain Pn. I). Agglutinins 
did not develop and Family 32 was not represented. The result with reference to 
anti-beef hemolytic amboceptor in the terms used in the table was first, 35 (3000); 
second, 13 (2700); third, 2 (1200). 

Several experiments were done in which much larger and repeated doses of sheep 
cells were given. It was thought that the higher titres of amboceptor so induced 
might give better definition to the place of the families. This proved not to be the 
case. In general either Family 13 or Family 35 were the high producers but the 
irregularities rather than the resemblances were emphasized in this type of ex- 
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periment. Family 32 was represented in but two of this group of experiments 
and it took a high place being highest once and second to Family 35 once. 

Since the exaggeration of the antibody production seemed, as has been said, 
to emphasize irregularities in the relations and probably to introduce additional 
factors it was thought possible that the repetition of the study using the minimal 
amount of antigen necessary to a response might be instructive. Two experiments 
were conducted on this basis as follows : 

In the first of these, six animals were taken from each family. They were tested 
individually for natural hemolysin and then injected with washed red corpuscles 
of the sheep in amount equivalent to 1/100 cc. and to 1/1000 cc. of whole defibri- 
nated blood, three animals of each family being used for each dose. The a nim a l s 
were bled on the 9th day and on the 22nd day after injection. The titres of the 
serum for anti-sheep amboceptor were determined in the usual way in the presence 
of an excess of guinea pig complement. The results are shown in Table If. 

Findings. 

It was found that with reference to our problem no significance is 
to be attached to the presence of natural amboceptor. This is very 
small in amount at most and frequently undemonstrable. Each of 
the families shows instances of its presence in maximum and its 
complete absence. When present it apparently does not influence 
the formation of specific amboceptor as instances appear of animals 
with the maximum of natural amboceptor giving no increase on 
treatment and of those with no natural amboceptor giving a good 
response to the injection. 

Considering the acquired antibodies by families two clearly defined 
groups appear. The animals of Families 35 and 13 produced much 
more antibody than did those belonging to Families 2 and 32. Within 
the groups Family 35 did somewhat better than did Family 13. No 
distinction of value appears between Families 32 and 2. 

This experiment was repeated in its essentials with the same general 
result. The grouping by families appeared as before. The only 
difference was that within the groups on repetition Family 13 pro- 
duced definitely more amboceptor than Family 35. 

The animals used in the second experiment were now given a second 
injection of 1/100 cc. of sheep corpuscles. The results were in accord 
with those previously obtained when repeated doses or larger amounts 
of corpuscles were administered. In this response to a second injec- 
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tion Family 13 continued to lead but the level of Family 35 was 
essentially equaled and actually overtopped by a small margin by 
Families 2 and 32. 

In connection with some of the experiments reported in Table I 
and those when larger and repeated injections of antigen were given 
attention was paid to the curve of antibody production. As already 
reported (4) it was found that in the guinea pig the curve of anti-sheep 
amboceptor production in response to any injection usually presents 
two peaks, one at about the 9th the other at about the 22nd day. 
Attention has been directed to possible variants in this curve with 
relation to family. In the main features and especially with reference 
to first injections no suggestion of any difference has appeared. The 
maxima are found at the 9th and 22nd days for each family. There 
is something to suggest that with reference to the second or subsequent 
injections the rise to and fall from the maxima is somewhat more 
abrupt in the case of Family 32 as compared to the others. 

Interpretation. 

Classified by their capacity to produce hemolytic antibodies for 
sheep or beef corpuscles, or agglutinins for Bacillus typhosus and 
Bacillus abortus (Bang) the inbred guinea pigs we have been able to 
study fall into two clearly defined groups; Families 13 and 35 are 
high producers, low are Families 2 and 32. It is found that this 
grouping appears most clearly when minimal doses of antigen are used 
in the form of a single treatment (Table II). When the amount of 
antigen is somewhat increased the grouping is still presented, possibly 
somewhat less clearly (Table I). When the treatment is in the form 
of much larger single doses, or repeated injections even of those mini- 
mal in amount the groups are no longer well defined. It seems justi- 
fiable to consider that the responses to the first minimal impact with 
antigen most truly represent the latent capacity of the animal to react 
with antibody production. 

In the case of injections repeated at intervals it must be true that 
the result is a complex made up of the initial response on the basis 
of latent capacity and a secondary response on the basis of a stimulated 
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or acquired capacity. There is no a priori reason why this secondary 
reaction should not develop on the basis of inherited characteristics 
as the primary one seems to do. With equal probability in anticipa- 
tion it might be foreseen that the reactions of the two periods should 
either be closely correlated (that is dependent on the same set of 
characters) or quite independent. 

In general if the correlation were close the results in the two periods 
should be of the same order and it might even be expected that those 
of the second period with high absolute titres of antibody should be 
the more distinctive. That this is not the case lends something to the 
view that the reaction characters underlying the two phases are at 
least partially distinct. 

The regularity with which Family 32 takes a low place when given 
a single treatment of antigen in small and moderate amounts suggests 
that some special significance should be attached to those instances 
when in response to repeated treatments this family takes a high place. 
It may well be that the reactions peculiar to the second phase of 
antibody productions are also conditioned by inherited characters 
but somewhat different from those influential in the initial response. 

It seems very likely however that the results in the second period 
are rendered obscure and irregular by some other influence. A scru- 
tiny of the individual records suggests that individual differences in 
reaction may be relatively more pronounced in this phase. The 
number of animals for which individual records are available is too 
small to enable us to decide this point. Many of the data included 
in the study were based on results with serum pooled by families rather 
than on the average of individual tests. 

The order of familial resistance to infection with the tubercle 
bacillus, as determined by Wright and Lewis (1), from high to low is 
35, 2, 32, 13. Within this group 2 is more like 35 and 32 more closely 
allied to 13. Comparing the order of tuberculosis resistance with 
the allergic irritability, arranging the families from high to low in 
each case and indicating the grouping by parenthesis, gives the 
following: 

Tuberculosis resistance (35, 2) (32, 13). 

Allergic irritability (35, 13) (2, 32). 
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It is therefore apparent that allergic irritability as defined or recognized 
by the capacity to produce antibodies against the antigens here used 
is not perfectly correlated with and hence cannot be wholly respon- 
sible.for the differences in resistance. With so much understood there 
are still observable relations which seem to be of interest. Thus if 
we were to set aside Family 13 in both cases the order of the remaining 
families would approximate 35, 2, 32 in each relation. This seems to 
be sufficient to suggest that the latent capacity to produce antibodies 
freely may be of some significance to the natural resistance against 
tuberculosis. Family 13 would in this interpretation be regarded as 
peculiar. In later papers we hope to be able to show that this family 
is also peculiar in other respects which may be significant. 

In our previous paper in which anaphylaxis was used as a criterion 
for the allergic irritability the agreement between the results and the 
order of resistance was also suggestively close. If it be considered 
that the reaction of anaphylaxis is solely determined by the abun- 
dance of antibodies produced in response to the sensitizing injection 
there is developed a definite conflict between results of the two types 
of experiment. For whereas Family 13 which is now shown to be 
generally a high producer of antibodies was also found the most 
susceptible in the anaphylactic reaction, Family 35 which is also a 
high producer of antibodies was definitely the most resistant to 
anaphylactic shock. Two equally reasonable explanations suggest 
themselves. Either the two kinds of antibodies are independently 
produced, or there is in the anaphylactic response some other and 
hitherto unrecognized factor which serves to protect Family 35 in 
spite of its presumably high content of antibodies. This matter could 
be decided were it possible to make satisfactory quantitative deter- 
mination of the passive transfer of anaphylaxis. This we have not so 
far been able to do and the nature of the differences revealed by the 
experiments in question remains problematical. 

It may not be redundant to point out once more that in this work 
whenever the inbred families are found to differ significantly with 
respect to any quality or capacity this is to be regarded as evidence 
per sc that the character is influenced by the inheritance either directly, 
or indirectly through other inheritable interacting characters. As 
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all inheritance is now held by most specialists to be Mendelian such 
qualities and capacities are likewise to be thought of as subject to 
Mendelian principles. The direct determination of the Mendelian 
attributes however must depend on the results obtained with inter- 
crosses between the families. In the instance here considered, the 
ability to produce antibodies, we have so far been unable to trace 
significant differences through the reactions of the crossbreds. So that 
while we are able to conclude that the allergic irritability as expressed 
in the capacity to produce antibodies is high or low according to the 
inheritance we can only infer that the inheritance itself is in accord 
with the Mendelian conception. 

SUMMARY. 

The allergic irritability of closely inbred guinea pigs as represented 
by their capacity to produce hemolytic antibodies for beef and sheep 
corpuscles, and agglutinins for Bacillus typhosus and Bacillus abortus 
(Bang) differs by families and therefore is at least partly dependent 
on inherited characteristics. 

These differences show an imperfect but suggestive correlation 
with the differences in resistance of the same families to inoculation 
tuberculosis aspreviously determined by Wright andLewis. 

The differences in antibody production also show an imperfect cor- 
relation with the differences in response in the anaphylactic reaction 
complex as previously determined by Lewis and Loomis. 

These studies suggest very strongly that the allergic irritability is 
one of the several inheritable characters which form a partial basis 
for the natural resistance to tuberculosis. 

The antibody-producing capacity is only satisfactorily defined 
when minimal or moderate amounts of antigen are used and this in 
single treatments. The irregularities in experimental result when 
repeated treatments or very large single treatments are used suggest 
that antibody production in the second or "acquired capacity” phase 
may rest on a somewhat different fundamental basis than the latent 
or potential natural capacity. There is some very slight evidence that 
production in the second phase may also be influenced by inherited 
qualities. 
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Wright and Lewis (1) found that inbred guinea pigs differed by 
families in their natural resistance to inoculation tuberculosis. It 
seemed probable to the present authors that the animal material was 
suitable for the determination of some at least of the physiological 
attributes underlying natural resistance to tuberculosis. We have 
previously reported studies in this general direction on the allergic 
irritability of these animals and of tuberculous animals in general 
(2-5). The present report concerns the reaction of the tissues, more 
particularly, but not exclusively, the skin. 

The cx-periments are unique so far as we know both in the method 
of observation and the character of the animal material and there is 
no literature bearing directly on the work. On the other hand, the 
results revivify in our minds discussions of diverse questions in physi- 
ology and pathology: constitution, diathesis, predisposition and local 
or tissue resistance, which have been more or less continuously under 
observation and discussion by medical men and students of inheritance 
for generations. It seems proper therefore to report the experiments 
as directly and completely as possible and to defer reference to the 
observations and speculations in these various fields to later pages 
where the bearings of the work can be analyzed. 
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OBSERVATIONAL PART. 

The animal material was that previously used by Wright and Lewis 
(1) consisting of five families of guinea pig which had been inbred by 
continuous brother and sister mating for a long succession of genera- 
tions. The families are designated by number as 35, 2, 32, 13 and 39. 
The)’- decrease in resistance to tuberculosis in the order stated. 

It was thought necessary, in the course of the general experiments 
designed to determine resistance as measured by length of life after 
inoculation, to vary the method of inoculation in order to make certain 
that the results were independent of technical details. In due course, 
therefore, scries of animals were inoculated directly into the skin 
with such amounts of virulent tubercle bacilli that death from tubercu- 
losis might be expected in about 3 months. 

The constant result of the intracutaneous inoculation is the forma- 
tion of a papule which increases to a nodule of considerable size. 
Sooner or later the center of this nodule undergoes an ulcerative proc- 
ess of greater or less extent. From the time the lesion is fully de- 
veloped it displa 3 's processes of healing. The ulcer shrinks and may 
heal over. If most of the nodule has become involved in the ulcer 
the whole lesion may heal and leave behind a hairless linear scar. 
The more usual course perhaps is that the ulcer and nodule, both 
reduced in size, become quiescent or stagnant and persist through the 
life of the animal. 

When this reaction was understood it was thought that there might 
be some significant correlation between the development of the local 
lesion and the length of life of the individual animal. And indeed there 
is a relation which might be measurable between length of life and the 
healing process above referred to but it seems of little present signifi- 
cance, being apparently based on the fact that the healing process is 
a slow one and that only those animals which live a long time give it a 
chance to develop fully. The tendency to heal is exhibited by nearly 
if not quite all the lesions about the 3rd week. It is apparently con- 
secutive to the discharge of matter from the nodule through the ulcer. 

We have studied with care the early periods in the development of 
the cutaneous lesion to see whether there are discernible characteris- 
tics which might, by tendency at least, render predictable the length of 
life of the individual. Such have not been found. 
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When the lesions are examined with reference to the family there 
are easily recognizable qualitative differences and it has been possible 
to express these roughly in figures so that they acquire a certain quan- 
titative significance. The characteristics are best developed in the 
case of Families 35, 13 and 39, which it will be recalled are at the 
extremes in resistance, 35 being the most resistant, 13 being low and 39 
the lowest. The work with Families 35 and 13 as concerns this matter 
has been exhaustive, and warrants quite final opinions. Family 39 
was available in inadequate numbers early in the observation period 
and more recently has been unavailable. The characteristics pre- 
sented by it in certain instances were definite and easy to discriminate, 
but gain most of their weight in formulating conclusions from the 
fact that they have never appeared among the very large numbers 
studied from other families. 

When a number of animals of the two families, 35 and 13 (we have 
usually used twenty of each family for an experiment) , are inoculated 
intracutaneously at the same time and with all possible care to make 
the inoculation uniform as to amount and location, and when these 
are subjected to a daily examination, differences are definite by the 
10th day and continuously so thereafter. 

First recognizable is the fact that the papules and nodules are some- 
what larger in the case of Family 13. The ulcerative stage also 
appears somewhat earlier in this family. When the lesions have 
reached full development at about the 20th day these general differ- 
ences in size persist, and do so for as long as any considerable number 
of the animals remain alive with unhealed lesions. 

Examined at the period of maximum size the lesions are quite 
different in other respects. The lesion in the case of Family 35 is 
firm and very sharply circumscribed on palpation. The ulcer, usually 
centrally situated in the lesion, is surrounded by a wide margin of 
firm tissue. The ulcer itself is dry, relatively shallow, is saucer shaped 
when round, with sharply defined margins, the whole ulcerated surface 
being dearly risible. 

In the case of Family 13 it is frequently difficult to define the lesion 
by palpation. The ulcer occupies a much larger proportion of the 
whole lesion. The rather narrow but thick and raised margin of the 
ulcer is soft and edematous. The base of the ulcer is apt to be moist, 
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and the ulcer seems deeper because of the raised or thicker margin. 
The margin is excoriated and inspection does not reveal the full extent 
of the ulcerated area because of undermining at the edge. 

The illustrations (Fig. 1, Family 35, and Fig. 2, Family 13) show 
these characteristics fairly in so far as they are determinable on inspec- 
tion. In the plates the lesion in the case of Family 13 appears to be 
more definitely circumscribed and no larger than that pertaining to 
Family 35 owing to the fact that palpable qualities could not prop- 
erly be considered by the artist. 

It would seem possible to apply the terminology of the surgeon to 
these lesions and to describe them both as active, healthy ulcerations, 
Family 35 presenting a restrained type, Family 13 an unrestrained and 
tumid one. It would probably be possible in such an experiment at 
the period of full development to identify the family in about 75 per 
cent of the cases by an inspection of the lesions. The failures in identi- 
fication would be almost if not quite altogether cases where Family 13 
would be wrongly assigned to Family 35 on this basis. 

When in one such group experiment, six animals of Family 39 were 
included a condition developed which is well represented in Fig. 3. 
During the first 20 days there was nothing to distinguish these animals 
from those of Family 35. Thereafter their lesions developed and 
maintained till death, in increasing degree, a scaly or scabby margin 
to the very dry ulcer. When the scabs were removed patches of 
excoriation were found under them and the lesion continued to spread, 
not as the extension of a solid nodule with a widening central ulcera- 
tion, but as minute ramifying excoriating ulcerations in the more 
superficial layers of the skin, covered by the scaly scabs described and 
pictured. 

In another experiment comprising twelve animals of this family but 
four of them developed similar lesions and in these the peculiarities 
were less pronounced. Animals have not been available for further 
tests. The significance of the result seems beyond question however 
for nothing approaching this lesion in type has been seen either in any 
of the animals of the other families or in any stock animal intra- 
cutaneously inoculated. In surgical terms this lesion could be de- 
scribed as an indolent excoriating ulceration. 

Family 13 has presented another distinctive departure from the 
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other fa mili es which is of significance in the present connection. The 
inoculations have been practiced in or near the midline somewhat 
below the umbilicus. The inguinal lymph nodes on both sides are 
secondarily involved without exception and are usually symmetrically 
enlarged. In the case of this family (13) and in no other it has hap- 
pened not infrequently that the inguinal lymph nodes when quite 
large have become adherent to the skin and this has been followed by 
ulceration and the later formation of a persistent discharging sinus. 
Moreover in many instances in this family, but in no other, smaller 
secondary nodules have formed along radiating lines (presumably 
lymphatic) between the site of the initial lesion and the inguinal nodes. 
These have reached a diameter of several mm. and then broken, leav- 
ing ulcers showing a considerable persistence but with a general ten- 
dency to heal. 

With these types clearly in mind we have repeatedly surveyed 
Families 2 and 32, as well as various crossbreds having their parentage 
in the five family lines in all possible combinations. We have been 
unable to recognize any other type of lesion and on a purely qualitative 
basis we have been unable to definitely place any other family or group 
with reference to these types. In other words, if we had had only 
Families 32 and 2 and the various crossbreds, while we could have 
made out the types of lesion characteristic for Families 35 and 13 they 
would have appeared as the extremes in a variable series of individual 
reactions and we should not have been able to assign type to group 
with reference to inheritance or resistance to tuberculosis. As will 
be pointed out in succeeding paragraphs rough qualitative considera- 
tions suggest a definite evaluation of Families 2 and 32 also, but with 
the crossbreds we have been able to make no group discrimination. 

In order to arrive at a roughly quantitative description of the differ- 
ences we have measured the lesion in its longest direction and in the 
direction of a line at right angles to the longest, both in mm., and have 
then multiplied these together to give a value in square measure which 
wc have termed the area. Since all the contours are rounded and the 
lesion is often quite round this is not a true area but an arbitrary' value. 
The true area would be very' difficult to determine in view of the irregu- 
larities in contour. The arbitrary area agrees well with the qualita- 
tive characteristics. To those accustomed to evaluate tumor forma- 
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tion it may appear that thickness should also be estimated and the 
volume be the basis for comparison. The lesion however differs from 
a tumor in that at the time the ulcer is established there is a discharge 
of matter and thereafter volume even if determinable would, we think, 
be less representative. 

The arbitrary area of the ulcer is also determined in a similar way, 
•and at each observation period the percentage of animals showing 
ulceration, and later in the experiment, complete scar formation is also 
noted. 

The data of one such experiment in which four families were used 
are collected in Table I. 

If the figures as given in the table for Families 13 and 35 are con- 
trasted it is seen that for each observation period the nodules and 
ulcers arc larger in the ease of 13 than that of 35. It is also apparent 
that the ulcer in 13 is larger in proportion to the total area of the no- 
dule. The percentage of animals showing ulcers is always greater for 
this family except during the midperiod when 100 per cent show ulcers 
in both. From the 6Slh day onward when complete healing is in 
evidence the number of animals shoving residual scars is always much 
less in 13 than in 35. For these two families this is the third in a 
series of experiments similar in every controllable respect and with the 
same outcome. Family 13 then seems always to give the more 
severe local lesion in response to equal injections of tubercle bacilli 
into the skin. 

With respect to Families 2 and 32 the table reveals difficulty in 
assigning them a definite place. Up to the 40th day the)’ are very 
much alike and if the size of the ulcer alone could be considered they 
would in this period be clearly intermediate between 13 and 35. For 
the three observation periods, 19, 26 and 34 days the total lesion is 
even smaller than in the case of 35. The percentage of ulcers is larger 
than for 35. From the 40th day onward these families diverge, No. 2 
rather definitely taking its place with No. 13 and No. 32 with No. 35. 

The whole result as to these families would seem to place them as 
intermediate in respect to the character of their local lesions between 
Families 35 and 1*3, with Family 32 showing a more definite resem- 
blance to Family 35 and Family 2 a greater likeness to Family 13. 

It will be noted for all families that in the later periods of observa- 



PAUL A. LEWIS AND DOROTHY LOOMS 


455 


TABLE I. 


Days 


Reactions by families 


No. 35 

Xo. 13 

Xo. 2 j 

No- 32 

12 

N 

38 

46 

42 

45 


u 

3 

6 

4 

5 


Per cent Li 

32 

56 

45 

61 

19 

N 

62 

68 

56 

55 


U 

8 

13 

10 

10 


Per cent U 

87 

100 

95 

100 

26 

N 

4S 

55 

45 

45 


U 

6 

12 

9 

8 


Per cent U 

100 

100 

100 

100 

34 

N 

47 

54 

51 

42 


1 U 

4 

ii 

10 

9 


Per cent U 

100 

100 

100 

100 

40 

X 

46 

60 

57 

51 


U 

3 

13 

ii 

10 


Per cent U 

88 

100 

100 

100 

47 

N 

38 

66 

62 

44 


U 

3 

14 

11 

8 


Per cent U 

SI 

100 

100 

94 

54 

X 

3S 

69 

66 

43 


U 

3 

14 

11 

6 


Per cent U 

54 

100 

9S 

91 


In the first vertical column (days) the elapsed time after inoculation is given in 
days. In the second vertical column there are indicated for each observation 
period, 1st, the average, size of the nodule in sq. mm. (X); 2nd, the average size 
of the ulcer in sq. mm. (U); 3rd, the percentage of those animals remaining alive 
at any observation period which show ulceration (per cent U); and 4th, for the 
observation periods OS days and succeeding, the percentage of those animals 
remaining alive showing only residual scars (per cent S 0). Comparison of the 
family groups for each character observed and for each observation period is ob- 
tained by reading left to right the remaining columns headed with the family 
numbers 35, 13, 2. 32. 
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TABLE I.— Concluded. 


Days 

Lesion 

t 

Reactions by families 

No. .15 

No. 15 

No. 2 

No. 32 

61 

N 

18 

54 

57 

IS 


U 

3 

12 

13 

5 


Per cent U 

54 

95 

100 

78 

68 

N 

17 

43 

54 

12 


U 

5 

9 

10 

4 


Per cent U 

21 

73 

90 

50 


Per cent S 0 

25 

2 


18 

75 

N 

19 

30 


10 


U 

4 

7 


2 


Per cent U 

19 

53 

I 8S 

2S 


Per cent S 0 

53 

7 

5 

19 

87 

N 


40 

61 

IS 


U 


6 

12 

4 


Per cent U 


61 

SS 

57 


Per cent S 0 

B 

2 

5 

12 

96 

N 

n 

30 

5S 

10 


U 


6 

12 

3 


Per cent U 


44 

84 

26 


Per cent S 0 

u 

2 

7 

32 


tion there are certain irregularities in progress from week to week in 
the percentages showing ulcers and scars. This is due partly to deaths, 
the figures being calculated on the basis of the total living at any date, 
and partly to the fact that progress toward healing is not steady. 
Ulcers heal over and break down again and again before scar formation 
is complete. These changes affect the average size of the ulcers but 
little because in this late period of successive relapses they are always 
very small. 

It was thought possible that the different characteristics of the 
lesions as above described might be a reflection of an immunity devel- 
oping at a different rate with advancing disease. As this if true might 
be associated with differences in the character of the tuberculin reac- 
tion, tuberculin skin tests were made on a selected series of these ani- 
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mals, A few tests were done on Family 39. Families 2 and 32 were 
not tested. Tests of Families 35 and 13 were adequate for conclusions. 

Family 39 failed to react to tuberculin in the tests made. It seems 
possible that this is related to the fact that these animals are so low in 
resistance that the period when they could become sensitive after the 
establishment of the disease overlaps that period late in the disease 
when animals as a rule fail to react. Or it may possibly have some 
deeper significance. 

The tests on Families 35 and 13 were interesting in that the size of 
the local reactive lesion in the skin differed by families in about the 
same degree as did the size of the initial lesion due to the living bacillus, 
Family 13 always presenting the larger lesion. The tests do not cover 
all the possible relationships as the absolute sensitivity of the animals 
was not measured, only the character of reaction to equivalent full 
doses. 

The result was such as to raise a question as to whether the dif- 
ferences in size and quality of the skin lesions were related in any spe- 
cific way to the disease-producing qualities of the tubercle bacillus. As 
a test in control of this point the animals were injected into the skin 
with various amounts of turpentine and of dilutions of tincture of 
cantharides, agents well known to produce acute aseptic inflammatory 
processes. As a reaction against these materials local nodules fol- 
lowed by ulcerative processes were induced, and for these also the 
lesions were larger and more tumid in Family 13 than in Family 35. 

These processes have in common the fact that as inflammations 
they are characterized by a pronounced focal accumulation of leuco- 
cytes particularly the polymorphonuclear types. They were controlled 
by comparing mild bums of the shaved skin produced by water of 
various temperatures applied in flat bottom vials. The results were 
inconstant. No differences were made out between Families 13 and 
35. The lesion here is a flat shriveling crusting disc in which the 
ulcerative and healing processes go on under the dead epithelium and 
crust without the accumulation of gross nodules. 

It may therefore be concluded that the differences above described 
between the lesions in Families 13 and 35 are not specifically related 
to the injury done by the tubercle bacillus, but only incidentally to this 
as a part of a more general reactivity. The families differ "in their 
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reaction to inflammatory irritants, particularly perhaps to those which 
cause pus formation locally, whether these act very acutely (turpen- 
tine and cantharidcs) or more chronically (the tubercle bacillus). 

The inbred families differ from each other in another respect, of 
interest in the present connection, which has not so far been stated 
either by Wright, Wright and Lewis or the present authors. When in 
the course of these studies we had occasion to test the effects of the 
intravenous inoculation with the tubercle bacillus this was done by 
dissecting free the jugular vein. Families 35 and 13 were used for the 
comparison, twenty animals belonging to each being thus operated on 
in this minor way at one sitting. 

In order that the experiment as a whole might have a uniform beginning we had 
previously practiced the technique on other animals and had standardised a 
simple operative procedure. It was necessary to extend the animal on a suitable 
board, administer an anesthetic, shave the neck, make a small incision, free and 
lift the vein by blunt dissection, make the injection, remove the forceps and close 
the wound with a single stitch. The animals weighed about 300 gm., that is they 
were young and the tissues were relatively soft. In ease the vein or any branch 
of it was tom it was necessary to abandon the attempt and operate on the other 
side. It was found that the procedure including the change of animals on the 
board took 5 or 6 minutes, going on at the rate of 10 or 12 an hour. The forty 
animals were injected after 11 a.m. of one day. They were operated on in alter- 
nate family groups of three or four animals, and in order to finish during the work- 
ing day, allowing for interruption and rest periods, it was necessary to make a 
conscious effort to maintain a rate of work approaching the best possible. The 
conditions for the following observations were therefore such that incidents which 
under other circumstances might have been unimpressive because of their casual 
and occasional character became striking by reason of the enforced attention, 
and were checked both by alternative repetition and the time factor involved. 

It was clearly observable at once that this simple operation was 
easier to complete in the case of Family 35 than Family 13. In 35 
the tissues were stronger, there was less loose free fat in the areolar 
tissue both generally in the subcutis and about the veins. The vein 
was thus easier to find and to expose. The vein wall was definitely 
stouter, less easily punctured by chance and the small branches less 
subject to tear. The instances in ■which it was necessary to go to the 
opposite side to complete the injection were fewer. 

These differences were interpreted as evidence of some constitu- 
tional divergence in the families. The animals were more closely 
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scrutinized from this point of view and it was evident that making due 
allowance for age Family 35 is built on more compact lines and is 
more excitable and active. This family also has a higher muscular 
tonus, evident on handling. The differences in nervous irritability 
were, it was found, well known to the attendants. Subsequent ex- 
perience has shown that these differences may be obscured by condi- 
tions. They are most apparent when the diet is somewhat restricted 
pointing to a general difference in “feeding quality’’ to use the terms of 
the livestock man. The differences are of the character that might 
generally be described as those between the “lean and hungry” type 
and that with the obese tendency. 

These qualities as between the two families considered (35, 13) 
may possibly be related to the observations by Wright, that among the 
five families 13 was marked by the best capacity to gain weight from 
birth to weaning (33 days) and had the largest adult size (weight). 
Family 35 was second to 13 in both these respects. 

But that the differences we are now considering are qualities not 
wholly reflected in rate of gain or adult weight as indicated by the 
further fact that we have so far been able to draw no definite distinc- 
tion between Families 13, 2, 32 and 39, while in Wright’s measure- 
ments, 2, 32 and 39 were definitely inferior to 35. It thus appears 
certain that the present distinctions as above described rate Family 
35 as one having a definite constitutional peculiarity. Each time that 
we have tried to place Families 2 and 32 with respect to these qualities 
we have freshened an impression that 32 was more like 35 and that 
2 was more like 13. This might be of interest in connection with the 
similar but indefinite likenesses in the character of the local ulcerative 
processes were it certain that the judgment in the two cases was 
formed independently. It is, however, true that the facts with regard 
to the character of the lesions were well established first and were the 
stimulus to the effort to formulate the impressions as to general con- 
stitution. We must therefore rest the case for general constitutional 
attributes on the comparative merits of the two families, 35 and 13 
which even though giving an incomplete account of the animal mate- 
rial is essentially satisfactory in that the differences there are wtll 
defined and they arc clearly at the extremes so far as these groups of 
animals arc concerned. 
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SUMMARY. 

In summary the observational part of this paper may be restated 
as follows: 

1. On intracutaneous inoculation with the tubercle bacillus inbred 
guinea pigs develop local lesions having familial characteristics. 

Family 35 which has a high natural resistance against tuberculosis 
as measured by length of life after inoculation develops a compact 
nodule with a relatively restrained type of ulceration. Family 13 
which has a low natural resistance against the disease develops a 
softer, less well demarcated, more edematous nodule with a much 
less restrained, more destructive type of ulceration. Differences of 
the same general order develop when local lesions are created on the 
skin with turpentine or cantharides in these two families.- In other 
words, the distinctions relate to the general quality of inflammatory 
reactions in these animals rather than to a specific reactivity against 
the tubercle bacillus or its product. 

Families 2 and 32 which are intermediate between 13 and 35 in 
natural resistance develop local lesions which are on the whole inter- 
mediate also, but more like those of Family 13. In so far as it is 
possible to assign closer relationships it would seem that Family 32 
reacts somewhat more like Family 35 and Family 2 more like Family 
13. 

Family 39, the lowest in natural resistance of the families available 
for tills study presents a peculiar type of local lesion which begins with 
a compact nodule not to be distinguished from that of the most re- 
sistant family but often ends with an extensive indolent, excoriating, 
crusted ulceration. This type of lesion is not always presented by 
this family but has never been encountered in a very extended experi- 
ence with the other families. 

In the case of Family 13, but in no other, the character of the local 
lesion finds frequent expression in the reactions of the adjacent lym- 
phatics and lymphatic nodes. Fresh nodules and small ulcers fre- 
quently appear along the line of the lymphatics. The lymph nodes 
frequently become adherent to the skin, ulcerate through and present 
residual persistent sinuses. 

2. Families 35 and 13 present differences in the quality of their 
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tissues suggestive of variation in constitutional character, as observed 
in connection with a minor surgical operation. They also appear to 
differ somewhat in general conformation, muscular tone and in nervous # 
irritability or temperament. 

Interpretation. 

A. Present Observations as Related to the Observed Deferences in Resist- 
ance against Experimental Tuberculosis. 

Our conception of disease rests on the fundamental proposition 
that absence of injury to either structure or function is health, and 
similarly when disease processes are compared, that the lesser the 
injury or the greater the tendency of any injury to repair the greater 
the approach is to health, the more favorable or inclinable to health 
is the condition. And in connection with local insults to tissues of all 
sorts age old surgical experience has crystallized into certain judg- 
ments the background for which cannot be materially reinforced by 
direct experiment. They are essentially axiomatic. Thus a surgeon 
recognizes as a healthy ulcer one which is under all the circumstances 
making an unmistakable active progress toward the healed condition. 

It seems therefore entirely justifiable to consider that in the present 
experiments the observations on the local lesions exhibit a considerable, 
perhaps an unexpectedly considerable correlation with the previously 
determined general resistance of the families of animals against tubercu- 
losis. Thus Family 39 showing by all odds the least general resistance 
develops a local lesion which in its later phases shows neither the 
tendency to heal nor any appreciable measure of the activity which 
experience teaches must be associated with the development of such 
a tendency. All of the lesions in all of the other families have shown 
activities which if fully developed would eventually be expected to 
result in a healed lesion. 

Family 13, next in order of increasing resistance, and in fact all 
of the other families exhibit a good measure of the kind of activity 
usually considered essential to the establishment of a healing process. 
But in Family 13 this is associated most definitely with an interfering, 
more or less progressively destructive process which cannot at present 
be segregated for further description but which finds its expression in 
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the larger, more tumid type of lesion, and particularly in the way in 
which the ulcer follows out to the margin of the inflammatory area. 

Family 35 exhibits an active process in which this destructive tend- 
ency is under most restraint. This family also shows the largest 
percentage of actually healed lesions at most times. 

Families 2 and 32 exhibit active lesions on the whole less clearly 
defined but probably intermediate in place between 35 and 13. Based 
on the percentage of healed lesions eventually resulting, it appears 
proper to say that 32 is more like 35 and 2 more like 13. 

The sum total of these relationships may be expressed in the follow- 
ing arrangement of family numbers in order respectively of decreasing 
general resistance and of decreasing reactive quality. The less defi- 
nite likenesses are suggested by the brackets. 

General resistance: 35, 2, 32, 13, 39. 

Inflammatory reactivity: 35, 32, 2, 13, 39. 

With reference to our problem of locating reactive characteristics 
which arc both based on the inheritance and capable of accounting for 
differences in resistance the agreement is considerable. It seems 
justifiable to conclude that the variations in inflammatory character 
partly account for the observed differences in general resistance. The 
fact that Families 2 and 32 do not follow the scheme makes it dear, 
on the other hand, that resistance is not wholly determined by in- 
flammatory diaracter. 

B. General Considerations with Reference to Immunity against 

Tuberculosis. 

The immunity reactions and relationships in tuberculosis are much 
less well understood than is the case in many other diseases. It has 
been the general opinion that the humoral and cellular constituents 
of the blood are of relatively less significance. Much weight is laid 
on the tuberculin reaction and the hypersensitive state of which it is 
the available index. There is current a suggestion that possibly 
immunity in this case rests largely on some peculiar relation of the 
tissues to the infection and the idea is summed up in the term “tissue 
resistance.” For the most part attempts at a better definition of this 
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idea experimentally have resolved themselves into a study and inter- 
pretation of one or another form of the tuberculin reaction. 

Analysis of the problem of tissue resistance shows that the epithelial 
tissues may be left out of consideration in this instance as they are 
but secondarily involved in the disease. The unformed constituents 
of the body fluids and the polymorphonuclear series of leucocytes are 
not to be neglected but are outside the present argument. There 
remain the fixed connective tissues, the blood vessels, particularly 
the capillaries, and the reticulo-endothelial cell system inclusive of the 
phagocytic macrophages and the blood cells of the mononuclear series. 

The fixed connective tissues might be thought of as the point of 
primary injury and they certainly appear frequently in the reparative 
and healing process. Lewis and Newcomer (6) attempted to show 
some relationship between the individual capacity of the normal rabbit 
to form connective tissue in response to trauma and the relative sus- 
ceptibility to inoculation tuberculosis of the same animal at a slightly 
later period. There was no such relationship shown in the experi- 
ments. The subject is difficult of approach and the negative result 
of one type of experiment does not exhaust it. 

The other elements involved, through the hypertrophic reactions of 
the blood vessels give character to the process as a granuloma and by 
means of the temporary organization of the other cells create the 
typical tubercle as a second characteristic anatomical feature of the 
disease. It is probably not going too far to assume that factors which 
determine the qualities of this imperfect and more or less transient 
organization of the mesothelial tissues are also likely to be factors in 
the resistance to the progress of tuberculosis after its establishment 
and less tangibly perhaps in any immunity which may be naturally 
possessed or acquired. In this limited sense our observations appear 
to be in accord with the idea that tissue resistance may be a non- 
specific factor of import to the natural immunity to tuberculosis. 
Only further study can show how far, if at all, these processes can be 
intrinsically modified by the acquisition of a specific immunitv. 

C. Gcnclic Considerations. 

From the genetic standpoint it seems necessary to assume that we 
arc dealing here with qualities that rest on a blending type of inherit- 
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ancc. The reaction characters themselves merge one into the other 
so that it is only on the average or in extreme and therefore type cases 
that the distinctions can be clearly seen. Moreover, in so far as we 
have dealt with crossbred animals, the distinctions have been blurred 
and appear wholly as individual variations. 

The view is held today by specialists in the held that blended in- 
heritance is a consequence of the interaction of multiple genetic 
factors. This would agree with an a prior: conception of the ease 
since it is difficult to see how so complicated a process as an inflam- 
matory reaction carried through from initial stages to healing could 
be under the control of a single or even of any very small number of 
functional or morphologic units. It is nevertheless possible to see in 
the results some suggestion of segregating unit characters. The 
peculiar qualities presented by the extreme cases in Tamil}’' 39 are to 
the point. It would seem not unlikely that they rest on a recessive 
trait or traits. Otherwise they should occasionally be encountered 
in the crossbreds. Similarly it would appear that those cases in 
Family 13 in which the inflammation proceeds with least restraint 
and in which the lymphatic channels and nodes show lesions peculiar 
to the family, may well be evidence of action or failure to act in part 
controlled by a recessive character or characters since they have not 
been encountered in the crosses. 

D. Constitutional Considerations. 

Belonging essentially to the prebacteriologic era of pathology is the 
conception that susceptibility to infectious disease is more or less 
definitely related to fundamental inheritable qualities which find 
expression in physical conformation, that is, “physical type,” and in 
peculiarities of function, that is “constitution.” The terminology was 
on the whole very loose and interchangeably employed. Constitution 
also was often thought to be expressed in physical characteristics. 
When functional characteristics were thought of as directly related 
to disease the term “diathesis” was frequently used. Thus people of a 
certain inherited “constitution” were regarded as especially liable to 
tuberculosis, particularly to that of the lymphatic glands on the basis 
of a “scrofulous diathesis.” 

When ideas were crystallized during and after the classical bacteri- 
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ological studies of the latter quarter of the last century the conception 
of the scrofulous diathesis was first amplified in an attempt to har- 
monize it with new observations, and then almost if not quite dis- 
carded as being at best inadequately grounded. The considerations 
advanced in amplification of the conception are of considerable interest 
in the present connection. 

It was first shown, of course, that the lymphatic lesions charac- 
teristically associated with the diathesis were tuberculous and that 
they had in general the same etiology as pulmonary tuberculosis. It 
was soon very evident that it was difficult if not impossible to dis- 
criminate between those physical characteristics which might be 
preexistent and possibly reflect predisposing causes, and those which 
were the consequences of long continued chronic disease transmitted 
by contact infection from generation to generation and often per- 
sisting in the individual from earliest childhood to old age. It also 
appeared that many of the other lesions particularly those of the skin 
which had frequently been regarded as evidences of a scrofulous 
diathesis were not tuberculous but were due to casual infection with 
staphylococci, streptococci and probably other microorganisms. 

This recognition of many of the appearances as “consequences” 
greatly weakened the whole conception. The further evidence that 
if there was a constitutional predisposition it was not strictly specific 
for tuberculosis but involved other inflammatory processes as well 
put the question out of touch with the progressive thought of the 
time, which was primarily engaged in establishing specific relation- 
ships, either of etiology or immunity. 

With the coincident and tremendous improvement in hygienic 
conditions and nutritional well being in Europe and especially in 
America, tuberculosis and the minor infections referred to have a 
greatly diminished prevalence. It is now to be accepted that prac- 
tically all of the aforetime ability to segregate a type of people haring 
the scrofulous diathesis (if such there are) was dependent on the con- 
tinued manifestation of the infections to which they are susceptible. 

We think it of interest and significance that this first experimental 
approach to the question with suitable material develops a picture 
which fits so well with the conception of a scrofulous diathesis as it 
stood at about the beginning of the present century. We have ob- 
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served an inherited group of reactive qualities which arc related to 
susceptibility to tuberculosis and also find expression in the character 
of the tissue changes in tuberculosis and in some simple inflammatory 
reactions. Respecting the limitations imposed by species differences 
this would seem to be as close as it could be hoped to come to an experi- 
mental definition of the “scrofulous diathesis.”* It seems possible that 
a stud_v of skin reactions to various inflammatory irritants, especially 
such as could have no antigenic properties, would develop facts of 
interest in connection with more general studies on human consti- 
tution. 


SUMMARY. 

Five families of strictly inbred guinea pig whose general resistance 
to experimental tuberculosis had previously been determined by 
Wright and Lewis have now been studied with reference to the char- 
acteristics of the local lesion produced by intracutancous inoculation 
with the tubercle bacillus. 

It is found that there arc clearly recognizable familial types based 
on the size and quality of the nodular lesion, the ulcerative lesion 
consecutive to this and the general effectiveness of the healing process 
when in evidence. 

Family 39 which has the lowest general resistance forms an initial 
papule which does not differ appreciably from that formed by Family 
35 which is the most resistant. In the ulcerative stage Family 39 
shows an indolent excoriating process which exhibits none of the qual- 
ities which would be expected to make for healing. 

Family 35 exhibits a firm primary papule and nodule followed by an 
active healthy type of ulceration which is definitely restrained in com- 
parison with that of the low resistance Family 13. Family 35 also 
presents the largest number of completely healed lesions in the later 
observation periods. 

* For a modern discussion of the whole question of constitution and physical 
type as related to susceptibility to particular diseases or disease groups, reference 
may be made to the recent monograph of Draper (7) and a still more recent essay 
by Stockard (S). These authors do not consider the scrofulous diathesis. The 
most recent extended review of the subject with which we are familiar is by 
Schluter (9). 
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Family 13 shows a larger, softer, primary papule and nodule than 
any of the others. The ulcer when formed is less restrained; that is, 
it is larger in proportion to the total size of the lesion. It is also more 
generally destructive. This family also shows a singular tendency to 
the formation of secondary ulcers along the lymphatic channels lead- 
ing toward the adjacent lymph nodes. The adjacent lymph nodes are 
likewise more severely affected and frequently ulcerate through the 
skin giving rise to residual discharging sinuses. 

Families 2 and 32 are less definitely characterized. They are of the 
same order as 35 and 13 in that the ulcerations are active and healthy. 
Such similarities as are recognizable place Family 2 more nearly with 
13 and Family 32 more nearly with 35. 

In general the qualities of lesion exhibited are such as to agree with 
the general resistance as previously determined and it is believed that 
the qualities underlying the tissue reaction may be safely considered 
to be among the influential factors in the make-up of the natural re- 
sistance against tuberculosis. 

The differences in reaction are in part manifested against agents 
causing simple inflammation also, and hence must be designated as 
non-specific with reference to the tubercle bacillus. 

There are definite indications of other “constitutional” differences 
in the character of the tissues and the general make-up of these fami- 
lies. 

The accumulated evidence from the study of the separate families 
and intercrosses between them is to the effect that the differences in 
question are transmitted by the blending type of inheritance and are 
therefore controlled by multiple unit characters. It is also suggested 
by the observations that certain of the significant characters are re- 
cessive in nature. 

It is of considerable interest that the observations agree very well 
with the older conception of an inherited, predisposing, constitutional 
diathesis as a significant factor in the incidence of tuberculosis. 
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EXPLANATION OF PLATE 23. 

Fie. 1. Typical lesion on Family 35. 

Fig. 2. Typical lesion on Family 13. 

Fig. 3. Typical lesion on Family 39. 

The animals were from a series inoculated on the same day, intracutancously, 
with 1/10 mg. of a culture of bovine type of tubercle bacillus. The drawings are 
natural size and were made on the 20th day after inoculation. 
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THE ANTIGENIC COMPLEX OF STREPTOCOCCUS 
FLEMOLYTICUS. 

II. Chemical and Immunological Properties oe the Protein 

Fractions. 

By REBECCA C. LANCEFIELD, Ph.D. 

(From the Hospital of The Rockefeller Institute for Medical Research .) 

(Received for publication, December 29, 1927.) 

The presence of several antigenic substances in the hemolytic strep- 
tococcus has been indicated previously, two of these were non-type- 
specific, while a third exhibited type specificity. Of the non-type- 
specific substances one was spedes-specific and seemed to be 
non-protein (1) ; the other, a widely reactive “nudeoprotein” fraction, 
was an antigenic protein and showed partial cross-reactions with 
similar proteins from related spedes of Gram-positive coed (2) . The 
type-specific substance was demonstrated in extracts of hemolytic 
streptococd by the use of sera absorbed with intact bacteria of 
heterologous hemolytic streptococd (3). By this means the non- 
type-spedfic antibodies were removed from the sera and the remain- 
ing type-specific antibodies were detected with the predpitin test. 

This report is concerned with the chemical and immunological 
relationships of the type-specific substance and with a review of the 
properties of the group reactive nudeoprotein for purposes of com- 
parison. 

Since it was highly desirable to determine the nature of the type- 
specific substance, designated as M, attempts were made to isolate 
and purify it. With sera absorbed as described, several kinds of 
extracts were tested for the presence of the tvpe-spedfic substance. It 
was found that dried bacteria pulverized in a ball mill, and extracted 
with n/100 NaOH in the cold, yielded some type-specific substance, 
M, although the non-type-spccific nudeoprotein, P, predominated. 
Similar extraction with 0.S5 per cent NaCl, instead of n/ 100 NaOH, 

409 
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yielded a somewhat greater proportion of M than of P. However, the 
separation of the two substances from each other was too difficult to 
make either of these extracts a profitable source of M. IIC1 extracts, 
as previously described (3), yielded the largest amount of M and the 
smallest of P. While it was obvious that a procedure which involved 
heating in a boiling water bath for 15 minutes with n/20 HC1 was a 
dubious method of obtaining material for chemical analysis, it was 
hoped that some idea of the nature of the type-specific substance 
might be gained and thus better methods of extraction be devised. 
The HC1 extracts, therefore, were the main source of M. n/20 to 
n/40 HC1 gave maximum yields of M, while n/1 HC1 destroyed all 
the serologically active materials, and dilutions of n/SO and greater 
yielded only small amounts of M. 

3 f cl hods. 

Antibacterial sera were prepared by intravenous injections first of killed then of 
living cultures. The plan of immunization was a series of four daily injections 
followed by a rest period of 3 days. The first series consisted of four daily in- 
jections of 1 cc. of heat-killed culture, the second series consisted of 2 cc. doses, 
the third of 0.5 cc. doses of living culture, the fourth of 1 cc. doses of living culture 
the fifth of 2 cc. doses of living culture. If the precipitin titer of the test bleedings, 
taken 7 days after the last injection, was unsatisfactory, another scries of three 
injections of 5 cc. each of living culture was given. This last scries was repeated 
until a satisfactory titer was obtained, or until the animal was discarded if the 
immune response continued inadequate. Sometimes animals which did not 
yield satisfactory sera by this method were given a rest period of 6 weeks to 2 
months. The}' were then further immunized either with one series of 2 cc. doses of 
killed culture followed by series of 5 cc. doses of living culture as before, or else 
with series of 10 cc. to 50 cc. of killed culture concentrated to 2 cc. volume. 

It was usually not easy to produce antisera of sufficient potency to give satis- 
factory immune precipitates with the type-specific substance. Some rabbits 
yielded potent antisera in 6 weeks, while others of the same group of animals re- 
sponded only moderately. Often it was necessary to continue immunization for 
several months before obtaining antisera of the high titer necessary for work 
with the precipitin test. Usually a high agglutinin titer was reached without 
difficulty. This may depend on the fact that small amounts of antibody in the 
serum are more readily detected by agglutination than by precipitation, while a 
much higher concentration of antibody is necessary if tire object is the detection 
of small amounts of antigen. Since the latter is the case in the study of substances 
obtained from bacteria, a potent agglutinating serum is not sufficient but a pre- 
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cipitating serum of high titer must be obtained even though considerable time is 
required for its production. 

The following was the usual method of preparing extracts of the type-specific 
substance. The bacteria from 18 liters of plain broth culture were suspended in 
200 cc. of hot n/ 20 HC1, made by diluting n/ 1 HC1 with 0.85 per cent NaCl 
solution, and heated for 10 minutes in a boiling water bath, then cooled and cen- 
trifuged. After removal of the supernatant fluid, a second extraction was made 
s imilar ly with 200 cc. of fresh solvent. In all, six extractions were made before 
the bacterial residue was discarded. The volume was usually decreased to 100 cc. 
and then to 50 cc. for the later extractions. Prel i minary experiments showed that, 
within reasonable limits, the yield of JI was independent of the volume. The 
first two or three extracts contained the majority of M; but sufficient amounts were 
still present in the later extracts to make their preparation worth while. The 
supernatant fluids were combined and neutralized with n/ 1 NaOH. The precipi- 
tate which formed on neutralization was inactive serologically, hence was discarded. 
Crystals of sodium acetate (about 20 gm. per liter) were added to the water- 
dear, slightly yellowish supernatant fluid together with 3 or 4 volumes of 95 per 
cent alcohol. Most of the M was brought down in the resulting preripitate, while 
the non-type-specific C substance, probably carbohydrate in nature, was largely 
left in the supernatant fluid. A few reprecipitations with alcohol served to sepa- 
rate this material quite completely from the type-specific M. After standing in 
the ice box overnight, the alcoholic predpitate was removed by centrifugation and 
the supernatant fluid was saved for purfication of the non-type-specific C. The 
predpitate was freed from alcohol by evaporation at 55°C. and then redissolved 
in 15 cc. or 20 cc. of saline; it was then centrifuged. Although most of the alcoholic 
precipitate was insoluble, predpitin tests showed very little less M in solution than 
there was in the original extract. Washings from the insoluble precipitate were 
added to the main solution and the insoluble part finally discarded. The M sub- 
stance was reprecipitated with three volumes of 95 per cent alcohol and redissolved 
in a smaller volume of salt solution than before. This process was repeated five or 
six times. Crystals of sodium acetate were added at alternate predpitations to 
insure the presence of dectrolytes. Only a small fraction of the second alcoholic 
precipitate was insoluble in salt solution; and after one or two more alcoholic 
precipitations all of the precipitate was readily soluble in salt solution. Further 
purification was effected by precipitating with a few drops of 10 per cent acetic 
acid. The precipitate was redissolved in salt solution by the addition of a drop 
of NaOH, and the process repeated several times in spite of some loss of active 
material. Micro-Kjctdahl determinations on the acetic acid supernatant fluids 
showed some purification since the removal of nitrogenous material was greater 
than the removal of M. After three reprccipitations with acetic add. the predpi- 
latc was washed three times with distilled water. The test for chlorides was 
negative in the second and third wash waters. The precipitate was then dehy- 
drated by washing three times with redistilled alcohol, and finallv three times with 
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redistilled acetone. It was then filtered on hard filter paper and dried in a desicca- 
tor. The yield from 45 liters of broth culture was, in one instance, 18 mg. of a 
fine white powder. 

The properties of the 18 mg. lot of M were as follows: 1 

1. It gave a precipitate with copper sulfate. 

2. It gave a violet biuret test which was not very strong. 

3. With Millon’s reagent it gave a white precipitate which remained 
on heating and did not become colored. This precipitate was not 
aystallinc. 

4. With the xanthoproteic test it gave a faint color on heating with 
HNCh which deepened slightly on the addition of NEhOH. 

5. The Molisch test was positive but not strong. 

6. The percentage of total nitrogen was 14.6; while only a trace of 
amino nitrogen was present, too small a quantity to determine. 

7. The acid equivalent was 552. 

Earlier tests on less purified material showed that M withstood 
autoclaving for 20 minutes at 15 pounds pressure when the solution 
was neutral or acid (n/20 HC1), but not when the reaction was 
alkaline (n/20 NaOH). 

Experiment 1 . — Precipitin tests with the purified material were made against 
a number of homologous and of heterologous antibacterial sera to test its specificity. 
These results are recorded in Table I. 

In all experiments, the final volume of precipitin tests was 0.5 cc. Each tube 
contained 0.1 cc. of serum. Controls of antigens alone and of sera alone were 
uniformly negative. The tests were read after 2 hours at 37°C. and again after 
standing overnight in the ice box. The overnight readings are recorded in all 
tables. 

The extract still reacted with two homologous sera at a dilution of 
1-300,000. With four heterologous sera, it was negative in all dilu- 
tions; with three heterologous sera, it gave weak reactions; and with 
one heterologous serum, it gave strong cross-reactions. These cross- 
reactions were not due to the C substance, for they were not observed 
with Serum Q696, known to be very potent in C antibodies; and, as 
will be shown later, the cross-reactions were not present after tryptic 

1 The author is greatly indebted to Drs. Heidelbe rger and Goebel for this analysis 
and for several others given in this paper, as well as for much helpful advice in 
the chemical procedure. 
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or peptic digestion of this extract. This cross-reaction was, there- 
fore, "due to a protein. Since this extract reacted very slightly, if at 
all, with potent anti r P sera, it seemed doubtful whether P impurities 
were responsible for the cross-reactions. Later work with the anaphy- 
lactic reaction definitely eliminated P as the cause of this non-type- 

TABLE i. 


Precipitin Reactions. 

Purified Type-Specific M Substance Prepared from HCl Extract. 


Scrum 

Antigen- 

HCl extract from Strain S43, Type S60. 
Final dilutions I: 

No. 

Prepared against 

19,000 

75,000 

300,000 

Strain 

Homologous type 

Q86S 

S60 

S60 

I9H 

, , 

, 


• ' 

» 

Q865 

it 

it 

1 

-f-f 

-f 



Heterologous type 




Q3U 

S23 

S23 


— 

— 

Q6U 

it 

a 


*r 

dr 

Q612 


tt 

-L- 

0 

0 

Q613 


it 

— 

— 

— 

Q244 

it 

a 

— 

-X- 

_ 

Q245 

it 

it 

— 

— 

— 

R266 

S39 

tt 

4-h* 


-r 


New York 





Q696 

5 

Scarlatinal 

- 

_ 

- 

Normal 



- 

- 

- 


•Test made at a different time: dilutions only estimates. 

In all tables ±, +, -h-b, + + +, + -b + + indicate degrees of precipitation; 
— indicates a negative reaction; 0 indicates that test was not made. 


specific reaction and necessitated the assumption of another non-type- 
spccific protein in the antigenic complex of the hemolytic 
streptococcus; this fraction was present only in certain strains, and 
antibodies for it were only found in occasional antibacterial sera. 
The anaphylactic reactions which confirmed the existence of this 
somewhat hypothetical substance, designated as Y, are given in a 
subsequent paper. 
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In spite of the evident fact that the IICl extract was not entirely 
freed of non-type-spccific fractions by the methods used for its 
purification, certain information in regard to its nature was acquired 
by the study of the material in this state. During the preparation 
and early tests it had become apparent that the type-specific sub- 
stance behaved more like a protein than a carbohydrate: it was pre- 
cipitated by the ordinary protein precipitants, including picric acid; 
and preparations, purified as described, contained 14 per cent nitrogen. 
The effect of removal of the NH» group on the serological specificity 
of M was, therefore, determined by treatment with nitrous acid. 


TABLE II. 

Precipitin Reactions. 

Effect of Removing Nil* Group from Purified Type-Specific M Substance. 

Scrum:* QS6S, against Strain S60, Type S60 


Antigen: HC1 extract of Strain S43, Type S60 


Final dilutions 1: 

Treated with HN'Os for 1 hr. 

Blank control not treated with 
UNO: 

■ 

+ + 

+ + + + 

I 

+ ± 

+ + + + 

1 

+ 

+ + + 

' r m A 


+=fc 

216,000 


4* 


* 0.1 cc. in each tube. 

The same series of antigen dilutions tested against normal rabbit serum was 
completely negative. 


Experiment 2. — Samples of “purified” M were treated with nitrous acid for 10 
minutes and for 1 hour. After neutralization they were tested for M by means of 
the precipitin reaction. 

Such treatment for 10 minutes caused a considerable reduction in 
the amount of precipitate with immune serum, and treatment for 1 
hour reduced the amount very greatly, as shown in Table II. This 
experiment gave considerable indication that the type-specific M 
was a protein. 

The effect of tryptic and of peptic digestion was also determined. 
A typical result is given in Experiment 3. 
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Experiment 3 . — In this experiment, 2 per cent trypsin (Fairchild’s) was allowed 
to act for 18 hours at 37°C., on concentrated M, in a solution sufficiently alkaline 
to give a permanent pink color with phenolphthalein. A control was included 
with the same amount of enzyme previously inactivated by heating in a boiling 
water bath for 10 minutes. Toluene was used as a preservative. After the incu- 
bation period, the digest and its control were neutralized with HC1 and then heated 
for 10 minutes in a boiling water bath. 

A similar digestion experiment was performed with pepsin in solutions made 
sufficiently acid with HC1 to turn Congo red paper blue. After incubation, the 
digestion mixtures were neutralized with NaOH and heated to destroy the enzyme. 
Precipitin tests with these digests and with their controls are recorded in Table m. 

TABLE in. 

Precipitin Reactions. 

Effect of Tryptic and of Peptic Digestion on the Type-Specific M Substance. 

Scrum:* QS6S, against Strain S60, of homologous Type S60 


Antigen: HC1 extract of Strain S43, Type S60 


Cc.“ 

Tryptic digest 

Control with 
heated trypsin 

Peptic digest 

Control with 
heated pepsin 

0.05 

— 

+ + i 

— 

X4-0. 

0 025 

- 

+ + + 

— 

+++ 

0.C12 

— 



++-h± 

0 006 

— 

+++ 

— 


0.003 

— 

J L. 

— 

-! — U 

0.0015 

— 

++ 


T± 


*0.1 cc. in each tube. 

** Dilution of antigen unknown. 


Table III shows that digestion of M with either pepsin or trypsin 
completely destroyed its ability to form precipitates with homologous 
antibacterial sera. Later it was determined that 0.5 per cent trypsin 
acting for 10 to 20 minutes was sufficient to destroy this antigen. 

Seibert (4) in her studies on the chemical composition of the active 
principle of tuberculin, states that trypsin in neutral solution does not 
digest whole protein readily, although it does digest some of the split 
products at this pH. Following this suggestion, tryptic digestion of 
the M substance was carried out at pH 7.0. Digestion at this reac- 
tion was, however, just as complete as it was at an alkaline reaction. 
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It was also shown that the negative precipitin reactions after 
digestion were not due to the possible inhibiting action of digestion 
products since the peptic digest added to undigested M did not change 
the range or the degree of precipitin reactions. 

The digests used in Experiment 3 were also tested against the 
heterologous scrum which gave the best cross-precipitations. Table 
IV shows these tests. This non-type-specific substance also was 
destroyed by both tryptic and peptic digestion: the digests no longer 
reacted with this scrum, although the controls with inactivated 

TABLE IV. 

Precipitin Reactions. 

EJJcct oj Tryptic and oj Peptic Digestion on the N on-Type-S pccific Substance in 

Purified IICl Extracts. 

Scrum:* R266. against Strain S39, of heterologous TyfeS23 


Antigen: IICl extract of Strain S43, Type S60 


Cc." 

Tryptic digest 

Control with 
heated trypsin 

Peptic digest 

i 

Control with 
heated pepsin 

1 

— 

+± 

0 

+± 


0 

0 

— 



— 

+++ 

0 

++± 

0.006 

0 

0 

— 

+ + 

0.003 

— 

++± 

0 

0 


* 0.1 cc. in each tube. 

** Dilution of antigen unknown. The antigen preparation in this table is the 
same as that used in Table H T. 


enzyme gave good cross-precipitations. Evidently the non-type- 
specific substance concerned here was a protein. 

Numerous tests were made with regard to the time and the concen- 
tration of enzyme necessary for digestion of these two substances. 
It was observed consistently during a large series of such experiments 
that the non-type-specific fraction was digested much more rapidly 
than the type-specific. A separation of these substances on this basis 
was attempted, but the loss of the type-specific fraction was too great 
to make such a method useful. 

Since the digestion experiments, supported by the nitrous acid test, 
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indicated clearly that the type-specific M was a protein, attempts were 
made to separate it from its impurities by salting out, not only from 
HC1 extracts but also from NaOH and NaCl extracts of pulverized 
bacteria. Amm onium sulfate was found more satisfactory than 
sodium sulfate for this purpose; and a certain amount of separation of 
the type-specific substance from the non-type-specific could be at- 
tained. The non-type-specific substance was precipitated more 
readily than the type-specific by the lower concentrations of the salt; 
but in order to remove most of the non-type-specific materials a great 
loss of the type-specific substance was also sustained, although full 
saturation with ammonium sulfate was necessary to precipitate all of 
the M. This method was therefore abandoned. Purification by 
adsorption on voluminous alumina and on kaolin was also attempted 
without much success. 

Finally, all available material was used in immunization and in 
anaphylaxis experiments, and further attempts to isolate M in a pure 
form were suspended until more material could be collected for this 
purpose. The immunization experiments follow. 

Experiment 4 . — Four rabbits were injected with HC1 extracts from two strains 
of different types; two received intravenous injections of extracts from each strain. 
Five daily injections were given followed by a rest of 5 days. The dose was then 
doubled for the next five daily injections. This plan was followed for four series 
of injections. Test bleedings taken after the second and fourth series showed no 
agglutinins and no predpitins for the type-specific M or for the non-type-specific 
P and C substances. One rabbit from each series was then given a rest and the 
two remaining animals continued with all of the available material. Each re- 
ceived the HC1 extract from 9 liters of plain broth culture in six daily injections in 
each of the two succeeding series of injections. At the end of this time these two 
animals had been in process of immunization for 10 weeks. Test bleedings after 
the fifth and sixth series of injections still showed no trace of antibodies. All four 
animals were finally given intravenous injections of whole bacteria in the same 
manner ordinarily employed for producing antibacterial sera. All responded 
promptly with the production of antibodies at the usual time after such injections. 
The failure to produce agglutinins or predpitins in response to the HC1 extracts 
was not, therefore, due to inability of these rabbits to produce antibodies. 

The failure to give an immune response to intravenous injections of 
HC1 extracts could not be considered final proof that the M substance 
was not antigenic. The explanation might be that the rabbits had 
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not received enough antigen, or that the protein had been so altered 
by extraction with heat and hydrochloric acid that it could no longer 
function as an antigen. The latter hypothesis was tested as follows. 

Experiment 5 . — Two healthy young rabbits, weighing 1 ,S00 gm. each, were 
immunized with a saline extract from Strain S43. This strain was selected because 
it gave a uniform!}' large yield of M. To the dried and pulverized bacteria 0.S5 
per cent NaCl solution was added in the cold; and the extract was made by shaking 
in the cold overnight. The smallest amount of 10 per cent acetic acid necessary 
to give maximum precipitation was added in the cold, and the extract again left 
in the ice box overnight. The precipitate, removed by centrifuging, was dissolved 
in a suitable small volume of saline with the aid of a few drops of n/ 4 NaOH. 
With precipitin reactions as previously described (3), the presence of M in such 
solutions was proved. It was similarly shown that practically all of the M had 
been precipitated from the original solution with the acetic acid. The object of 
this precipitation with acetic acid was to concentrate the M sufficiently for intra- 
venous injections with the least harmful chemical manipulation. 

Each rabbit was given such an extract from 1.5 liters of original broth culture in 
four daily intravenous injections. After 5 days rest, double that amount was 
given in three daily injections. Test bleedings 5 days later showed the presence 
of P antibodies but no M antibodies. One of the animals was sick and died as a 
result of B. Icpiscpticus infection after two more injections. The remaining 
animal received three more similar scries of injections. The extract from 3 liters 
of culture was used for the third series, the extract from 19.5 liters for the fourth 
series, and that from 15 liters for the fifth series. In spite of the fact that this 
animal received the extract from a total of 42 liters of broth culture over a period 
of 5 weeks, and that bleedings after the fourth and fifth series of injections showed 
a high titer of P antibodies, still there were no traces of M antibodies The 
anaphylactic test, reported in a succeeding paper, also failed to reveal the presence 
of M antibodies in the serum of this rabbit. 

The failure to produce antibodies in these two rabbits by the injec- 
tion of a simple saline extract gave weight to the previous evidence of 
the non-antigenicity of M which was obtained by the failure to 
immunize the four rabbits in Experiment 4 with HC1 extract. Thus, 
although the type-specific substance in the hemolytic streptococcus 
is a protein, nevertheless, after it has been separated from the bac- 
terial cell, it either does not give rise to antibodies when injected into 
rabbits intravenously, or else may do so only under conditions not yet 
determined. This substance seems, therefore, to be a haptene rather 
than a true antigen. 
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Solutions of the nudeoprotein P, on the contrary, are true antigens 
in that rabbits are easily immunized with them. Antisera from these 
animals are precipitated equally well by nucleoproteins from all 
strains of hemolytic streptococci. This has been reported previously 
(2) and has been repeated and confirmed in the present experiments. 
Nucleoproteins from non-hemolytic streptococd and from pneumo- 
coccus also precipitate these hemolytic streptococcus anti-P sera to a 
certain extent. This fraction of the hemolytic streptococcus is, 
therefore, not only not type-sperific but not even spedes-spedfic. 
It is possible that with appropriate methods this nudeoprotein portion 
could be further fractionated into a strictly spedes-spedfic part and 
into other parts which are responsible for the cross-reactions with other 
species. Such methods are not at present available. 

The spedes-spedfic substance first described by Hitchcock is con- 
sidered in the succeeding paper, in which there is also included a 
discussion of all these reactive substances. 


SUMMARY. 

The chemical and immunological characteristics of the type-spedfic 
substance (M) of Streptococcus hxmolylicus are considered. 

1. A summary of the evidence for the protein nature of this sub- 
stance follows: 

(a) It is precipiated by the usual protein precipitants such as, 
dilute alcohol, dilute acetic acid, and picric add. 

(b) It contains 14 per cent protein nitrogen after considerable 
purification. 

(e) It is progressively destroyed by removal of the NHj group 
by treatment with nitrous acid. 

( d) It is completely and readily digested by trypsin and by 
pepsin. 

2. “Purified” extracts react in relatively high dilution with homolo- 
gous antibacterial sera, but do not predpitate most heterologous 
antibacterial sera or sera potent in non-type-spcdfic antibodies for 
the group reactive nudeoprotein P or for the specics-spedfic probable 
carbohydrate C. Attempts to immunize rabbits with the tvpe-spedfic 
protein have been unsuccessful, with simple salt solution extracts of 
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streptococci as well as with purified solutions. This protein seems, 
therefore, to have the characteristics of a haptenc. 

The type-specific substance (M) is contrasted with the so called 
nucleoprotcin (P) which shows group relationships with nucleoproteins 
of related species and is the only fraction of hemolytic streptococcus 
extracts so far obtained which, after separation from the bacterial cell, 
is a true antigen leading to antibody production when injected into 
rabbits. 

The occurrence of another non-type-specific protein (Y) is sug- 
gested by occasional cross-reactions of purified M with certain anti- 
bacterial sera. Since it has not been separated from extracts con- 
taining the type-specific M, little is known of it either chemically or 
serologically. The cross-reaction disappears on tryptic or peptic 
digestion of the extract. The fact that such extracts do not show 
cross-reactions with anti-P sera is evidence that this non-type- 
specific protein is not P. 
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In a previous paper the chemical and immunological relationships 
of the serologically active substances in extracts of hemolytic strep- 
tococci were discussed. The characteristics of the protein fractions, 
both type-specific and non-type-specific, were considered (1). The 
protein nature of the type-specific substance (M) was supported by 
its high nitrogen content (14 per cent), by its precipitation with protein 
precipitants, by its loss of activity on removal of the NH 2 group, and 
by its rapid and complete digestion with pepsin and with trypsin. 
Attempts to immunize rabbits with it after separation from the bac- 
terial cell were unsuccessful. The so called nudeoprotein fraction (P) 
gave cross-reactions with nucleoproteins from related bacterial species 
and stimulated the production of antibodies in rabbits. The presence 
of another non-type-sperific protein fraction (Y) was suggested by the 
cross-reactions of certain extracts consisting chiefly of the type-specific 
M. These cross-reactions disappeared on digestion with pepsin or 
with trypsin. This substance was, however, distinct from the nudeo- 
protein P since no cross-predpitation reactions were obtained with 
anti-P sera. It was not isolated but was only obtained in assodation 
with the type-specific protein. 

The present paper is concerned with the spedes-spedfic substance, 
which Hitchcock first described as a “residue antigen” (2). This 
report also contains a discussion of the data concerning all these sero- 
logically active substances, including those described in the preceding 
paper (1). 

“SSI 
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• It was desirable to collect and purify enough of the species-specific 
material, called the C substance, to determine its chemical nature. 
It exhibited an apparent chemical similarity to the specific carbohy-, 
drates of pneumococci (3), and, like these Substances, it formed a 
typical disc precipitate with antibacterial sera; but, unlike the poly- 
saccharides of pneumococcus and other bacteria studied from this 
point of view, it was not type-specific but formed precipitates with 
antibacterial sera made from hemolytic streptococci of all types. It 
was present in every kind of extract of hemolytic streptococcus. 
Since it was not precipitated to any extent by the addition of three or 
four volumes of 95 per cent alcohol or with acetic acid, the supernatant 
fluids of all extracts used for the preparation of the protein fractions 
(1) were saved for the isolation of C, which was separated as far as 
possible from the accompanying impurities. 

Methods. 

The antisera used in the following experiments were prepared as indicated in the 
preceding paper (1). While almost all antibacterial sera contained a moderate 
concentration of C antibodies, occasional sera from rabbits immunized for long 
periods were exceptionally potent. Intensive immunization seems required for 
the production of sera with a high titer of C antibodies. Hitchcock (2), who pre- 
pared numerous antisera of this sort, used very large doses of heat-killed culture 
in immunizing his rabbits. 

The solutions which had been saved for the preparation of C were neutralized 
and concentrated to dryness, or to a small volume, in vacuo at a temperature not 
exceeding 37°C. After concentration enough distilled water was added to dissolve 
the salts; insoluble substances were discarded, and 3 volumes of 95 per cent alcohol 
were added to remove some of the protein. After standing overnight in the ice 
box, the precipitate was thrown down in the centrifuge and discarded. The 
supernatant fluid was again concentrated in vacuo and was dialyzed in a collodion 
sac against running water until most of the salts were removed. The C substance 
dialyzed through parchment membranes and also through collodion sacs which 
were impermeable to pneumococcus and to green streptococcus specific carbohy- 
drates, but its passage was prevented by less permeable collodion sacs with the 
result that only an insignificant loss of active material was sustained in dialysis. 
When tests for chlorides were negative, the solution was again concentrated in 
vacuo , and sodium acetate in the proportion of 20 gm. per liter of solution together 
with 20 volumes of 95 per cent alcohol were added. This was left on ice overnight 
and the precipitate removed by centrifugation. The supernatant fluid, con- 
centrated and tested with a potent anti-C serum, showed little C still present; 



R. C. LANCEITELD 


483 


hence it was discarded. Lower concentrations, of alcohol did not precipitate all 
of the C. The precipitate was freed of alcohol by evaporation and taken up in 
16 cc. of distilled water; 0.6 cc. of 1:1 HC1 was added; and a heavy precipitate, 
formed in the cold, was removed by centrifuging. The supernatant fluid was 
made strongly alkaline with NaOH and the gelatinous precipitate which formed 
was removed. Since precipitin tests showed that neither the add nor the alkaline 
precipitates contained much C, they were discarded. A second 20 volume alco- 
holic predpitate was made, followed by predpitations with add and alkali as 
before; the add and alkalin e predpitates were discarded. This process was 
repeated four or five times until the addition of add and of alkali no longer pro- 
duced a predpitate; the solution was then neutralized and 2 volumes of 95 per cent 
alcohol were added. A gummy, deep yellow predpitate separated out, leaving 
only a small proportion of coloring matter in the supernatant fluid, from which, 
after concentration, a second 2 volume alcoholic predpitate removed still more 
gummy, yellow material. The two predpitates were combined, redissolved, and 
repredpitated with 2 volumes of alcohol. Since the resulting predpitate did not 
contain much C, it was discarded. The C was predpitated from the combined 
supernatant fluids by adding 20 volumes of alcohol; it was redissolved in distilled 
water and further purified by another removal of gummy, yellow substances by 
precipitation with 2 volumes of alcohol. This process was repeated until no more 
predpitate resulted after the fourth addition of 2 volumes of alcohol. The reaction 
of the solution was adjusted to pH 9, and absolute alcohol was added until a 
predpitate began to form. After standing overnight in the ice box, this predpi- 
tate was removed and was found to contain all of the C. After two such predpi- 
tations, the predpitate was dissolved in a small volume of distilled water, made 
add by the addition of a drop of 1 : 1 HC1, and dialyzed against running tap water 
for 48 hours and then against frequent changes of distilled water for 48 hours more. 
The solution was then concentrated in vacuo and thrown into a large volume of 
acetone. The resulting predpitate was dried and stored in a vacuum desiccator. 

Since the yield after so much manipulation was very small, the 
chemical data are meager. The final product was a fluffy white pow- 
der, which readily yielded a colorless solution in distilled water. The 
ordinary protein color tests with such, solutions were negative, and the 
Molisch reaction was positive to the limit of the titer in the precipi- 
tin test. The optical rotation of one preparation (from Strain S23) 
before the final purification was - 33°. After the removal of additional 
impurities, the optical rotation was the same. This indicated that the 
impurities removed were optically inactive and that the true figure 
for the active material was very much greater than the one obtained. 
Since the final yield from this lot was only 5 mg., no further determina- 
tion of the optical rotation was made. The micro-Kjeldahl and the 
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quantitative carbohydrate determinations for this preparation were 
also unsatisfacloiy on account of the small amount of material. For 
another lot (from Strain S43) with a yield of 20 mg., the micro-Kjel- 
dahl showed 4.2 per cent nitrogen and the carbohydrate determination 
showed on hydrolysis 28 per cent reducing sugar, calculated as glucose. 
Whether this large amount of nitrogen was an impurity or a part of 
the C substance cannot be stated without more material. It is inter- 
esting to note in this connection that the Type I pneumococcus specific 
substance has 4 to 5 per cent of nitrogen, apparently as an essential 


TABLE i. 


Precipitin Reactions. 

Non-Ty pc-Spccific Reactions of the Purified C Substance, the Probable Carbohydrate. 


Antigen (tested ngainst) scrum 

Antigen (tested against) serum 

C from 

Strain S43, TyPrSCQ. 

R116 ngainst 

Strain S3, Type S3. 

C from 

Strain S23, TypeS23. 

R4-16 against 

Strain S3, Type S3. 

Final dilutions 

0.1 cc. 

Final dilutions 

0.1 cc. 


+ =b 

' 

+ ++± 

16,000 

-) — 


_) — (--{ — |- 

32,000 

+++ 

40,000 

+ ++=fc 

64,000 

+++=b 


+ ++± 

128,000 

-1 — I — b± 

1 

+++ 

256,000 

+ + + 


+ +± 

512,000 

4 — b 


+± 

1,024,000 

+ 

1,280,000 

+ 

2,048,000 


2,560,000 

± 
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component of the specific polysaccharide, and only 28 to 31 per cent of 
reducing sugars on acid hydrolysis (4). While this similarity to the 
figures obtained for a single small preparation of C from hemolytic 
streptococcus may not be significant, it is noteworthy that a specific 
polysaccharide of this composition is already known. These two C 
preparations were used in the anaphylaxis experiments to be reported 
in a succeeding paper and are discussed again in that connection. 
Their precipitin reactions are given in Table I. 

Experiment 1 . — A series of dilutions of each of the C substances described 
above was tested by means of the precipitin reaction against an antibacterial 
serum especially potent in C antibody, as shown in Table I. 
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The i mmun e precipitates obtained with these non-type-specific C 
substances and antibacterial sera were always typical discs, such as 
have been described for the type-specific carbohydrates of other species 
(5) . The serum used in this experiment had an especially high titer of 
C antibodies as shown by the good precipitates which both C prepara- 
tions gave in dilutions of 1:1,000,000 with stronger reactions in 
higher concentrations of C. As usual with these substances, a marked 
prozone was present, so that still greater concentrations of C gave 
only negative results. The cross-reactions within the species of 
hemolytic streptococcus obtained by Hitchcock (2) were confirmed in 
the present experiment, as shown by the cross-reactions of three dis- 
tinct types of hemolytic streptococci: the C substances were derived 
from Types S60 and S23, and the serum was prepared against a Type 
S3 strain. It is unnecessary to record the numerous precipitin tests 
performed with other C preparations and other antisera, since this 
experiment is typical of the non-type-specific C reactions. 

The C substance did not precipitate sera prepared against the other 
commonly reactive fraction, the nucleoprotein P. 

The effect of tryptic and of peptic digestion on the C substance was 
determined since these enzymes digested the type-specific M so easily. 
Experiment 2 was carried out for this purpose. 

Experiment 2. — Fairchild’s pepsin and trypsin were made up in 4 per cent solu- 
tions, the pepsin in salt solution and the trypsin in phosphate buffers. The 
pepsin was made sufficiently acid with HC1 to turn Congo red paper blue, and the 
trypsin was made just alkaline to phenolphthalein with NaOH. Samples of each 
were heated for 10 minutes in a boiling water bath for use with the controls. A 
highly active C solution of undetermined concentration from Strain S23, Type 
S23, was mixed in equal parts with active and with heated pepsin and with active 
and with heated trypsin and incubated at 37°C. for 3 days with toluene as a preser- 
vative. The reaction was kept approximately constant throughout the experiment. 
Precipitin tests made daily showed that no change in titer had occurred by the 
end of the 3rd day; hence concentrated M extract was added in order to test the 
act;’, lly of the enzymes. The mixtures containing active enzyme were divided 
into two equal parts, and one part was heated for 10 minutes in a boiling water 
bath to inactivate the enzyme. Equivalent amounts of M extract from Strain 
S-13, Type SG0, were added to each tube, and the incubation at 37°C. continued 
After 24 hours the digestion of M with trypsin was not quite complete, but digest 
tion with pepsin was complete. The peptic digestion was therefore terminated 
by heating the mixtures in a boiling water bath for 10 minutes; while the tryptic 
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digestion was continued for another 24 hours, at which time the precipitin test 
showed that digestion of M was practically complete and this digestion was also 
terminated by inactivating the enzyme with heat. The total time of exposure 
of the C substance to active pepsin was 4 days, to active trypsin 5 days. The 
solutions were neutralized, cleared by centrifugation, and tested by setting up 
precipitin tests with antibacterial sera, one of which was potent in M antibodies, 
the other in C antibodies. Table II shows these reactions. 

TABLE II. 

Precipitin Reactions. 

Effect of Peptic and of Tryptic Digestion on the C Substance. 


Antigen: Digestion mixtures consisting of C from Strain S 2 3,', Type S 23, and M from Strain S 43, 

Tyfe S 60 



Anti-C scrum} 1 

Anti-M serum} 

Antigen dilutions 1: 

! (to test digestion of C) 

(to test digestion of M) 


Peptic digest 

Undigested control 
with heated pepsin 

Peptic digest 

Undigested control 
with heated pepsin 

2 

+* 

+ * 

— 

+ + + ** 
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+± 

-j-± 

— 
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Tryptic digest 

Undigested control 
with heated trypsin 

Tryptic digest 

Undigested control 
with heated trypsin 

2 

+* 

+* 

+ 

+ + + ** 

10 

+ + 

+ + 

+± 

+++ 

40 

H — b 

+ + 

+ =b 

++ 

160 

+ 

+ 

+ 
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t Serum Q696 was against Strain New York 5, one of Dr. Dochez’ scarlatinal 
strains, and was potent in non-type-specific C antibody. 

J Serum Q868 was against Strain S60, Type S60, and was potent in M antibody 
for that type, but lacking C antibody. 

*These were disc precipitates, characteristic of C reactions. 

** These were flocculent precipitates, characteristic of M reactions. 


At the end of the digestion experiment, all tubes contained mixtures 
of M with C, since the former was added to control the activity of the 
enzymes during their contact with C. All mixtures were tested 
against both kinds of antiserum in order to detect the presence either of 
M or of C. Table II shows that pepsin did not digest C during a 4 day 
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exposure, although the enzyme had not lost its activity, as proved by 
complete digestion of M added on the 3rd day of the experiment. 
The same kind of result is shown for the tryptic digestion experiment 
in the lower part of Table IL The trypsin had lost some of its activity 
in the course of the experiment, as indicated by the slow rate of diges- 
tion of the M added on the 3rd day and by the failure to digest this 
substance completely even after 48 hours contact. The greater part 
of the M was, however, digested; but the C was unaffected since no 
difference in the precipitin tests was detected in the active and the 
inactivated trypsin digestion mixtures. The failure of trypsin and of 
pepsin to digest the C substance during a prolonged exposure is con- 
vincing evidence that this substance is not an ordinary protein, al- 
though it does not eliminate the possibility that C might be digested 
by some other protein enzyme. However, this resistance to digestion 
together with the available chemical data increases the probability 
that the non-type-specific C substance in this species is a carbohydrate. 

No extensive direct evidence is available that C in extracts is non- 
antigenic. No rabbits immunized with extracts for other purposes, 
however, have ever produced antibodies against C. 

DISCUSSION. 

This discussion includes a consideration of the chemical and immun- 
ological relationships of all the antigenic substances so far identified 
in extracts of hemolytic streptococci, and covers the data presented in 
both the preceding and the present papers which have shown a com- 
plicated structure of antigens in the hemolytic streptococcus. There 
have been demonstrated at least two non-type-specific substances in 
extracts of hemolytic streptococci, one protein and one probably car- 
bohydrate, in addition to the type-specific fraction. This type- 
specific fraction (M), first detected by the use of antibacterial sera 
absorbed with heterologous hemolytic streptococci, is undoubtedly a 
protein. This is shown by its method of preparation, by its high nitro- 
gen content in the form of protein nitrogen, and by the loss of activity 
associated with removal of the NH. group. In addition, the fact that 
it is easily digested by trypsin in alkaline or in neutral solution and by 
pepsin quite definitely proves its protein nature. In view of this 
finding, the failure to immunize rabbits with extracts containing this 
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substance is perplexing. Tlic most probable explanation of this fail- 
ure seems at first that in the course of extraction the protein has been 
denatured to such an extent that it is no longer a functional antigen, 
although it is highly reactive in the precipitin test, a behavior com- 
parable to that of the typc-spccific carbohydrates of other species. 
The possibility that this result is due in the present case to denatura- 
tion has not been disproven ; but the failure to immunize other rabbits 
with the acetic acid precipitate of simple saline extracts of pulverized 
bacteria offers some evidence that denaturation is not the cause of the 
non-antigenicity of this protein. Precipitin tests with the extract 
used to immunize these animals showed that the type-specific fraction 
CM) was present. The non-type-spccific nucleoprotein (P) was also 
present; and antibodies were readily produced against it. Although 
the question of the antigenicit}' of the type-specific protein fraction 
must be left open for further work, the evidence presented suggests 
that it is a liaptene in Landsteiner’s sense (6), capable of reacting with 
antibodies produced in response to injection of the bacterial cell but 
incapable of giving rise to antibody production after separation from its 
cellular complex. Anaphylactic experiments, to be reported in another 
paper of tiffs series, suggest the same thing. Other bacterial haptenes 
have been described but they are all non-protein, for example, pneu- 
mococcus and Friedlander’s bacillus specific carbohydrates. Gay and 
Robertson (7), however, in 1913 worked with a protein, globin, which 
behaved immunologically in an analogous manner. Globin alone did 
not produce any antibody response in rabbits although it reacted with 
antibodies produced on injection of the combination, globin-caseinate. 
It is, therefore, in the same sense a haptene. 

The species-specific fraction (C), first studied by Hitchcock, seems 
to correspond chemically and in the characteristic physical properties 
of its immune precipitate to the carbohydrates which in some other 
species are responsible for the type-specific reactions. Attempts were 
made to prepare sufficient quantities of this material for adequate 
chemical analyses, but large amounts of bacterial extract yielded such 
small fractions of active substance that only meager chemical data 
could be obtained. Such tests as could be made indicated the prob- 
ability that the so called C substance was a carbohydrate. The 
failure of prolonged tryptic and peptic digestion to affect the precipitin 
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titer of this substance supported the supposition that it was not a 
protein, as did its passage through parchment and through certain 
collodion dialyzing sacs. Precipitin tests in the present experiments 
confirm Hitchcock’s conclusion that this substance is entirely non- 
type-specific in its serological reactions. It is, however, unrelated 
to the non-type-specific nucleoprotein, since it never reacts with 
antisera prepared against the nucleoprotein. 

The nucleoprotein antigen (P), described more fully in an earlier 
paper, is even less specific than the non-type-specific carbohydrate- 
like C substance and shows group relationships with nucleoproteins of 
related Gram-positive cocci, such as the non-hemolytic streptococci, 
the pneumococci, and the staphylococci. While such group relation- 
ships are marked, they are not absolute. Nucleoproteins within the 
group of the hemolytic streptococci, on the other hand, seem identical. 
No attempt was made to separate the nucleoprotein into a species- 
specific fraction and fractions reactive with other species, although it 
seems possible that this could be done if the proper chemical methods 
were available. 

The nucleoprotein, P, is a true antigen and stimulates antibody 
production when injected into rabbits. It differs in this respect from 
the other reactive fractions obtained from the hemolytic streptococcus. 
While insufficient material was at hand for exhaustive tests in regard to 
the antigenicity of the C substance, considerable indirect evidence was 
available that it could not induce antibody formation since the serum 
of no rabbit immunized with extracts of hemolytic streptococci ever 
showed the slightest trace of reaction with purified C. The similar 
lack of antibody production on injection of the type-specific protein 
M has already been mentioned. Thus, there are probably at least 
two haptcnes, one apparently carbohydrate and the other protein, 
in the antigenic complex of the hemolytic streptococcus. 

T he presence of still another non -type -specific protein fraction was 
suggested in certain of the extracts which, except for this impurity, 
consisted almost exclusively of the type-specific M. After purifica- 
tion of M from certain strains to such an extent that it gave only type- 
specific reactions with most antisera, it persistently gave cross-reac- 
tions with occasional heterologous antibacterial sera, unless the sera 
were absorbed, as previously described, with heterologous hemolytic 
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streptococci (1). A study of the intensities and range of these reac- 
tions together with the fact that no reaction was obtained with potent 
anti-P sera strongly suggests the existence of still another non-type- 
specific substance. Although digestion with trypsin and with pepsin 
shows that it is a protein, it evidently is a different protein from the 
non-type-specific nucleoprotcin, P Further evidence of its existence 
was obtained later by means of anaphylactic experiments. 

The present analysis of the antigens of the hemolytic streptococcus, 
therefore, indicates a type-specific protein, (M), at least one non- 
type-specific protein (the so called nucleoprotcin, P), with the possi- 
bility of another less well defined non-type-specific protein fY), and 
finally a substance (C) which is probably a carbohydrate and is specific 
for species but not for type. The intact bacterial cell induces antibody 
formation against all these substances, but so far only the nucleopro- 
tein has been found capable of eliciting antibodies after disruption of 
the cell body. 

SUMMARY. 

1. The chemical and immunological characteristics of the species- 
specific substance (C) of Streptococcus hxmolyticus are considered. 

(a) It seems to be a carbohydrate because considerably purified 
preparations of C resisted prolonged tryptic and peptic digestion and 
were negative for the ordinary protein color tests but gave positive 
Molisch reactions to the limit of the precipitin titer. One such "puri- 
fied” lot, however, had 4.2 per cent nitrogen and only 28 per cent 
reducing sugars on hydrolysis. Whether the nitrogen was due to im- 
purities or was combined in the C substance itself, as is true of the 
Type I pneumococcus specific polysaccharide, cannot be stated with- 
out more material. 

(i b ) The C substance forms precipitates with antibacterial sera 
prepared against heterologous, as well as against homologous hemoly- 
tic streptococci. These precipitates are typical discs like those formed 
by type-specific carbohydrates of other species of bacteria. C does 
not precipitate antinucleoprotein sera. 

( c ) While there is only slight direct evidence that the C substance 
is not antigenic, there is considerable indirect proof that this is the 
case. It probably is a haptene in the sense of Landsteiner. 
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2. A discussion is included of the chemical and immunological 
relationships of all the serologically active substances so far identified 
in extracts of the hemolytic streptococcus. 
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FURTHER OBSERVATIONS ON AN EXPERIMENTALLY 
PRODUCED SARCOMA OF THE CHICKEN * ‘ 

By ERNEST STURM akd JAMES B. MURPHY, MB. 

( From the Laboratories of The Rockefeller Institute for Medical Research .) 

(Received for publication, November 21, 1927.) 

In a series of publications from The Rockefeller Institute appearing 
during tbe period from 1910 to 1914, five transplanted chicken tumors 
were described, all of which proved transmissible by cell-free filtrates 
or desiccates of the tumor material. 1 More recently several other 
transplantable chicken tumors have been reported and from all so far 
studied it has been possible to separate an agent from the cells capable 
of reproducing the tumors. 

Murphy and Landsteiner, 2 in the hope of gaining some information 
on the nature of the causative agents of this chicken tumor group, 
succeeded in producing typical sarcomas by the combined injection 
of tar and embryonic tissue in adult hens. One of these was trans- 
plantable but all attempts to transmit it by filtrates or desiccates 
failed in the early generations. As this tumor remained the only 
transplantable chicken sarcoma which could not be transmitted by 
an agent separable from the cells, it was considered worth while to 
continue the attempts under varying conditions on the later genera- 
tions. In the 3 years since the original publication, the neoplasm has 
been repeatedly transplanted and continues to grow quite readily. 
In the present report we have brought together the results of all the 

’This investigation was carried on by means of funds from the Rutherford 
Donation. 

1 Rous, P., J. Exp. Med., 1911, xiii, 397. Rous, P., Murphy, Jas. B., and Tytler, 
W. H., J. Am. Med. Assn., 1912, lix, 1793. Rous, P., and Lange, L. B., J. Exp. 
Med., 1913, xviii, 651. Rous, P., and Murphy, Jas. B., J. Exp. Med., 1914, six, 
52. Rous, P., J. Exp. Med., 1914, xix, 570. Lange, L. B., J. Exp. Med., 191 4, 
xix, 577. 

3 Murphy, Jas. B., and Landsteiner, K .,J. Exp. Med., 1925, xli, 6, 807. 
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numerous attempts to disassociate an agent from the cells of this 
tumor, which for convenience is called Chicken Tumor 9. 

FI lira li on Ex peri men Is. 

The same general methods of filtration which gave positive results 
with the other chicken tumors, were used in the following experiments. 

Filtration Method . — About 25 gm. of fresh tumor tissue, previously trimmed of 
all necrotic and muscle tissues, was finely chopped in a meat grinder and thor- 
oughly ground in a mortar with sterile sand. To the suspension was added about 
400 cc. of Ringer’s solution and the entire mixture was thoroughly shaken for 20 
minutes. It was then centrifuged for 15 minutes to remove the sand and solid 
portions of tissue, and the supernatant fluid was decanted. To it a suspension 
of a 24 hour culture of B. prodigies us was added as a means of testing the perme- 
ability of the filter and the fluid was passed through a Bcrkcfcld V candle. A 
trace of kieselguhr was added to the fresh filtrate prior to injecting. Injections of 
varying amounts (5 to 20 cc.) of filtrate were made into the breast muscles of 
normal adult chickens. 


TABLE I. 


Experiment 

No. 

Sixe filter 

Tumor 

generation 

No. of fowls 

No. of regions 
injected 

Growths 
+ - 

1 

V and N 

1st A 

S 

16 

0 

16 

2 

V and N 

1st A 

10 

20 

0 

20 

3 

V 

2nd A 

S 

16 

0 

16 

4 

V 

2nd C 


20 

0 

20 

5 

V 

3rd B 

10 

20 

0 

20 

6 

V 

5th A 

6 

12 

0 

12 

7 

V 

7th A 

S 

16 

0 

16 

8 

V 

13th B 

5 

10 

0 

10 

9 

V 

17th D 

5 

10 

0 

10 

10 

V 

21st F 

2 

4 

0 

4 

Msl. 

V 


25 

4S 

0 

48 




97 

192 




The above table shows the condensed results of the experiments in which 
Berkefeld filtrate of Chicken Tumor 9 was injected into normal adult chickens. 
The Msl. fowls are from later experiments in which filtrate alone was injected as 
control in tests when filtrate was injected with other substances. 















ERNEST STURM AND JAMES B. MURPHY 


495 


TABLE H. 


Experiment Ko. 

Age of tomors 

Size of tamer 

Right Left 

"Tates” 

in tomor generation 


trJfcr. 


cru 

percent 

i 

6 

S.O X 2.3 

4.9 X 3.2 

10 

2 

7 

4.2 X 2.7 

4.2 X 3.1 

66.6 

3 


6.0 X 5.2 

5.7 X 4.6 

10 

4 

6 

6.3 X 4.7 


75 

5 

3 

6.4 X 4.3 

7.0 X 4.5 

80 

6 

6 

6.0 X 3.5 

6.6 X 4.5 

66.6 

7 

5 

6.0 X 4.2 

4.0 X 3.2 

80 

8 

3 

4.0 X 5.8 

7.2 X 3.5 

62.5- 

9 

5 

6.5 X 4.5 

7.0 X 4.9 

50 

10 

7 

10.0 X 5.0 

10.0 X 5.0 

75 


The above table gives the data in regard to the tumors used in the filtration 
experiments summarized in Table I. It gives the size of the tumors used, the 
length of time since inoculation and the number of tumor “takes” in the same 
generation. 

The filtration test in this group of ten experiments (Table I) was 
made with ten different tumors obtained from the first to the twenty- 
first generations. Ninety-seven chickens received the filtrates in- 
cluding those of the miscellaneous group made up of controls from 
other experiments. The fowls were injected generally in both breasts 
and kept under observation from 3 to 6 months. Not a single positive 
result was obtained. That tins failure is not due to lack of malignancy' 
of the tumor may be judged by the growth rate and percentage of 
“takes” on transplantation as shown in Table II. At the time most 
of the tests were made this tumor was growing at a rate quite equal 
to that of several of the other transplantable chicken tumors which 
were easily transmissible by filtrates. 

The Injection of the Filtrate into Growing Embryomas. 

The tumor originally developed in an embryoma and the possibility 
that the young elements in an actively growing tissue would create a 
more suitable environment for its successful transmission by filtrate 
led us to undertake the following experiments. 
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Experiment . — -Hashed 7 day old chick embryos were injected into both breast 
muscles of five adult chickens. On the 12th day following the injection, at the 
time when the embryonic tissue was actively growing, 10 cc. of freshly prepared 
tumor filtrate was injected into and around the growing embiyoma. Another 
group of five chickens was injected into each breast muscle with 10 cc. of a mixture 
composed of 12 cc. of hashed 7 day old chick embryos and 90 cc. of fresh tumor 
filtrate; while a control group of five chickens were injected with the Bcrkefcld 
filtrate of the tumor alone. 

Several embryomas continued to grow actively for a short time after 
the filtrate injection but microscopic sections, prepared from pieces 
removed at operation, showed them to be composed of the cartilage 
and bone usually found in typical embryoma, without any indication 
of malignant transformation. These nodules eventually retrogressed 
and finally disappeared entirely. No evidence of tumor growth was 
observed in any of the fifteen chickens employed in this experiment. 

Injection of the Filtrate into the Developing Embryo. 

It was observed by Murphy and Rous 3 that the Berkefeld filtrate 
of Chicken Tumor 1 rapidly gave rise to tumor nodules when the 
filtrate was injected into developing cluck embryos. It was thought 
that a tumor might possibly result from the injection into the rela- 
tively unresistant chick embryo 4 of the filtrate of Chicken Tumor 9. 

Experiment . — A small rectangular piece was cut from the shell of a fertile egg 
by means of a shortened cataract knife. Exceptional precautions are necessary 
to avoid cutting through the shell membrane. With a pair of sterile forceps tin's 
membrane next was tom aside exposing the chick. A syringe of 2 cc. capacity 
fitted with a 1 inch, 20 gauge needle was filled with freshly prepared Berkefeld 
filtrate of the tumor tissue, and 1 cc. injected into the embryonic membranes. 
The small piece of shell was carefully replaced and the edges sealed with paraffin. 
The age of the embryos at the time of inoculation varied from 7 to 10 days. After 
inoculating, the eggs were returned to the incubator until the 19th day, when they 
were opened for examination. Thirty-three embryos so examined in our experi- 
ments failed to reveal any evidence of tumor nodules. 

The Addition of a Mucoid Fluid from a Filtrablc Chicken Tumor . 

The following experiment was planned with the possibility in mind 
that the mucoid fluid, notably present in the tissue of some of the 

3 Murphy, Jas. B., and Rous, P., /. Exp. M cd., 1912, xv, 119. 

4 Murphy, Jas. B ., J. Exp. Med., 1913, xvii, 482. 
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filtrable chicken tumors, might have qualities of rendering the filter 
permeable to the causative agent of the tar tumor; for it is known that 
other factors beside the porosity of the filter influence the result of 
filtration. 

Experiment . — The mucoid fluid was aspirated from a large Chicken Tumor 1 
and filtered through filter paper to remove any lumps of tissue. It was then 
sealed in a glass tube and immersed in a water bath for 30 minutes, the temperature 
of which was kept at 55°C. in order to kill any tumor cells present and to render 
inactive the tumor-producing agent. Thirty cc. of this fluid was added to 30 gm. 
of finely chopped tar tumor tissue and ground with sterile sand in a mortar. The 
remainder of the filtering process was carried out in a manner similar to that of 
the previous experiments. 

Six adult chickens were injected into each breast muscle with 10 cc. of this 
filtrate and as controls two chickens were injected with 10 cc. of the inactivated 
mucoid fluid. Another control group of four chickens were injected with 10 cc. 
of filtrate freshly prepared from the tumor tissue alone. All of the fowls remained 
negative for tumor growth during 2 months of observation. 

Experiments with Desiccated Material from the Tar Sarcoma 9. 

The failure to obtain any positive results by filtration led us to 
attempt a series of experiments in which desiccated Chicken Tumor 9 
tissue was used in place of the filtrate. If this tumor was found 
resistant to drying, a partial analogy to the previously described 
transplantable chicken tumors could probably be established. 

Experiments. — Large, actively growing tumors were removed under aseptic 
precautions, trimmed of all adhering muscle and necrotic tissue and ground in a 
meat grinder. The mashed tissue was then evenly spread over the bottom of a 
glass dish and placed in a desiccating jar containing a layer of sulfuric acid. The 
jar was evacuated to 4 mm. pressure and immediately placed in a freezing box 
where the temperature was several degrees below 0°C. In 3 to 4 days, or when 
the tissue was thoroughly dry, the scaly substance was pulverized in a mortar and 
about 2 gm. of this material was emulsified in 20 cc. of either sterile distilled water 
or Ringer s solution. From 2 to 5 cc. of this emulsion was injected into the breast 
muscles of normal chickens. 

Five experiments were conducted with the desiccated material 
obtained from tumors in the first, second, third and sixth generations 
and in all forty-two chickens were injected into eighty-four regions. 
The fowls were kept under observation for from 3 to 6 months. No 
tumors developed. A summary' is given in Table 1H. 
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TABLE III. 

Summary of the Desiccation Experiments. 


Experiment 

No. 

Tumor 

generntion 

Size ol tumor 

Age of 
tumor 

No. of 
chickens 
injected 

No. of 
regions 
injected 

Results 
+ - 

1 

1st A 

i 

cm. | 

5.0 X 3.3 

4.9 X 3.2 

irks. 

6 

11 

22 

0 

22 

2 

1st F 

4.2 X 3.6 

3.0 X 2.4 

6 

5 

10 

0 

10 

3 

2nd C 

4.2 X 2.6 

4.2 X 3.1 

7 


20 

0 

20 

4 

3rd B 

6.3 X 4.7 

6 


22 

0 

22 

5 

6th B 

6.0 X 3.5 

6.6 X 4.5 

6 

5 

10 

0 

10 

5 




42 

S4 

0 

84 


The Addition of Embryonic Tissue to the Desiccated Tumor Tissue. 

As the original tumor was obtained by the injection of embryonic 
tissue and tar, as noted above, it seemed possible that the addition of 
some fresh, living embryonic tissue, to an emulsion of the desiccated 
tumor material, might produce the necessary stimulus for a positive 
growth. 

Experiment . — A mixture was prepared consisting of equal portions of 7 day old 
chick embryonic tissue, and desiccated tumor tissue emulsified in Ringer’s solution. 
Two cc. of this combination was injected into thirteen normal hens, and weekly 
observations were recorded for several months. As in all of the previous experi- 
ments, these animals remained negative, without suggestion of tumor formation. 

Inoculation of the Developing Embryo with Desiccated Tumor Tissue. 

In a series of eight experiments we injected into the chick embryo 
small portions of freshly prepared desiccate of tumors from the sixth 
to the sixteenth generations. Out of ninty-three living embryos 
injected between the 6th and 8th days and examined on the 18th day 
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of incubation, not one bad developed any suggestion of tumor-like 
nodules. 

From the results of the foregoing experiments it seems certain that 
Chicken Sarcoma 9 cannot be propagated from the cell-free filtrate of 
the tumor or the desiccated tumor tissue by any of the usual methods. 

Further Attempts to Transmit Chicken Tumor 9 by the Addition of 
“ Cultures ” of This Tumor and Normal Tissues to Filtrates. 

Gye 5 has shown that it is possible to obtain growths of Chicken 
Tumor 1, after the filtrate of this tumor has been inactivated by 
chloroform, providing there is added to the filtrate an equal amount of 
fluid obtained from “cultures” of malignant tissue. More recently 
Murphy 6 and Flu 7 have demonstrated that not only malignant tissue 
but normal tissue “cultures” as well, will bring about this reactivation. 
With the idea that some essential factor might be removed by filtra- 
tion or destroyed by drying Chicken Tumor 9, or that the agent is 
naturally feeble, we have attempted to supply the factor or augment 
the activity of this agent by the substances which activate the chloro- 
form filtrate of Chicken Tumor 1. 

Experiments . — The base of the medium used throughout these experiments was 
Hartley’s broth to which had been added .2 per cent KC1, .7 per cent dextrose and 
1 cc. of fresh rabbit scrum. Pieces of tumor or embryonic tissue were introduced 
and the “cultures” were incubated under strict anaerobic conditions at 37.5°C. 

To portions of freshly prepared Berkefeld filtrate of Chicken Tumor 9 were 
added equal amounts of supernatant fluid obtained from 3 day anaerobic "cul- 
tures" of rat placenta and chicken embryos. Five cc. of each of these combina- 
tions was injected into two groups of four normal hens, the experiment being 
controlled by injecting 10 cc. oi the chicken tumor extract alone into two normal 
chickens. The animals were observed for a period of 2 months after which they 
were discarded as no tumors had developed. 

In a second experiment, we mixed together equal portions of Chicken Tumor 9 
filtrate and the supernatant fluid from 5 day “cultures” of the same tumor. Ten 
cc. of this mixture was injected into both breasts of three adult chickens. Another 
group of chickens were injected with 20 cc. of the extract alone to serve as controls. 
Not a single tumor developed from any of these injections. 


1 Gye, \Y. E., Lancet, 1925, ii, 109. 

6 Murphy, Jas. B., /. Am. Med. Assn., 1926, Lxxxvi, 1270. 

7 Flu, P. C., Ccr.tr. Baht., 1. AU.,Orig., 1926, clx,332. 
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In a third experiment we attempted to activate the Chicken Tumor 9 filtrate 
by adding to it 7 day “cultures” of Chicken Tumor 1 , but without results. 


TABLE IV. 


Materials 

No. of 
fowls 

No. of 
injec- 
tions 

Result' 

Positive Negative 

Filtrate alone in adult 

97 

m 

0 

192 

Filtrate in growing embryoma 

10 

1 

0 

20 

Filtrate in developing cmbiyo 

33 

33 

0 

33 

Filtrate and mucoid fluid from C. T. 1 

6 

12 

0 

12 

Desiccate alone in adult 

42 

84 

0 

S4 

Desiccate and embryo tissue 

13 

26 

0 

26 

Desiccate in developing embryo 

93 

93 

0 

93 

Filtrate and "culture” fluid 

13 

13 

0 

13 

Total 

307 

473 

0 

473 



A summary of the various experiments with filtration and desic- 
cation of Chicken Tumor 9 is given in Table IV. There is no indica- 
tion that a substance exists separable from the cells by these methods, 
capable of reproducing the tumor. 

Attempts to Demonstrate a Diffusible Substance from “ Cultures ” of 

Chicken Tumor 9. 

While attempting to discover some method by which the hypotheti- 
cal agent of the tar tumor could be separated from the cells, it was 
observed that the fluid from the “cultures” of this tumor sometimes 
produced tumors when the cultivation was made in sterile Ringer’s 
solution and the tubes allowed to stand in the ice chest under anaerobic 
conditions for a period of 5 days or longer. These observations indi- 
cated the possibility that an active substance had diffused from the 
tumor fragments. In order to test the matter, the following experi- 
ments were planned. 

Experiment.— 1. To the filtrate of Chicken Tumor 9 was added an equal amount 
of supernatant fluid from “cultures” in Ringer’s solution of Chicken Tumor 9 
which had been kept in the ice chest for S days under strict anaerobic conditions. 
Two chickens were injected with 10 cc. of this mixture. One of these chickens 
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subsequently developed a tumor typical of Chicken Tumor 9. However, it was 
observed that one of the two control chickens, previously injected with 5 cc. of 
“cultural” fluid alone had also developed a fair sized nodule which eventually grew 
extensively and resembled Chicken T umor 9 . 

Experiment. — 2. A large number of “cultures” of Chicken Tumor 9 tissue in both 
Hartley’s medium and Ringer’s solution were prepared. The “cultures” were 
anaerobically sealed and placed in the ice chest for a period of 6 days. One half of 
each group of “cultures” were united and filtered through a BerkefeldV filter, while 
the fluid from the other half was decanted and centrifuged several times at high 
speed. Both the filtrate and the centrifuged cultures were injected into individual 
groups of two normal chickens each in measured amounts of 5 cc. No tumors 
developed in chickens injected with the filtered “cultures” from Hartley’s medium, 
the supernatant fluid from Hartley’s medium or from the injection of the filtered 
Ringer’s solution “cultures.” However, a typical Chicken Tumor 9 was observed 
in one of the two chickens injected with the centrifuged supernatant fluid from the 
Ringer’s solution “cultures.” 

Experiment. — 3. The general procedure of this experiment was identical with 
that of the preceding experiment. Here again it was observed that all three of 
the chickens injected with the filtrate were negative for tumor growth, whereas 
both of those injected with supernatant fluid from the Ringer’s solution “cultures” 
developed tumors. 

Experiment. — 4. In this experiment we substituted sterile distilled water for 
Ringer’s solution in one set of tubes while in another Hartley’s medium was used. 
A long period of observation of the ten fowls used failed to show any tumors 
resulting from the injections. 

As the filtrates of these “cultures’ ’ always failed to give tumors it was 
concluded that the occasional tumors resulting from the injection of 
the centrifuged material were due to the presence of living cells. This 
supposition was strengthened by the fact that the sediment contained 
large numbers of unquestionably living cells. The result then cannot 
be considered as giving evidence of the presence of an agent separable 
from the tumor tissue. 

DISCUSSION. 

The experiments reported here represent an extension of the original 
study of a tar tumor reported by Murphy and Landsteiner. In its 
general features the growth is a typical neoplasm with minor histo- 
logical differences from other chicken tumors studied but it differs no 
more from these tumors than the individual tumors in the group differ 
from each other. \et it appears to differ from all other transplant- 
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able chicken tumors having for their origin a spontaneous growth, 
in that despite man}'- efforts no causative agent has been separated 
from the living cell. It is, of course, possible that some new method 
or change in technique may lead to a positive result, yet considering 
the very wide range of conditions resorted to in this study, its negative 
result would appear significant. The possibility that the agent might 
be highly susceptible to oxidation has not been completely tested but 
the negative results obtained in this laboratory with extracts of rat 
and mouse tumors filtered under anaerobic conditions indicate that 
this possibility is not of importance in explaining the failure in filtrabil- 
ity. That the agent might require contact with cells of the type from 
which the tumor presumably arose has been well covered by injecting 
the filtrate and desiccate into growing embryoma. That the failure is 
not due to natural resistance in the chicken is shown by the fact that 
the developing embryo, an organism without resistance, 4 failed to 
yield growths on the injection of filtrate or desiccate. 

While Chicken Tumor 9 is not so rapid in its growth as Chicken 
Tumor 1, yet it is more rapid than several of the other transplantable 
spontaneous tumors 5 -which have been easily transmitted by filtrates. 
It would seem, therefore, that the failure of filtrability in its case 
is not explainable on the basis of lack of malignancy. 

For the present this tumor must stand as an exception in the chicken 
tumor group, in that it resembles the mammalian tumors in the failure 
to be transmitted by an agent separable from the living cell. 

SUMMARY. 

Numerous attempts have been made by us to separate from tire cells 
of a tar sarcoma of the chicken (Chicken Tumor 9) a causative agent 
for the growth. Experiments with filtrates and desiccates injected 
as such or in combinations with embryonic tissues have all failed to 
give positive results. So too have injections of filtrates and desiccates 
into developing chick embryos failed to yield a response. The results 
confirm those of previous work with the tumor in this laboratory. 
The growth would appear to differ in a fundamental respect from all 
tumors of the fowl previously studied. 

s Tytler, W. H., J. Exp. Med., 1913, xvii, 466. Rous, P., and Lange, L. B., 
J. Exp. Med., 1913, xviii, 651. Rous, P., J. Exp. Med., 1914, xix, 570. 



THE USE OF HISTAMINE AS A STANDARD TEST FOR 
DIMINISHED RESISTANCE IN SUPRARENALECTO- 
MIZED RATS. 


By J. MARMORSTON-GOTTESMAN, M.D., axd J. GOTTESMAN, M.D. 

{From t lie Division of Laboratories of Montefiore Hospital, Neo York) 

(Received for publication, December 8, 1927.) 

The resistance of suprarenalectomized animals to a number of non- 
specific poisons is markedly reduced, as has been shown by several 
independent workers (1-6). These observers employing such poisons 
as cobra venom, curare, morphine, diphtheria toxin and typhoid 
vaccine were able to demonstrate a striking difference in resistance 
between normal and suprarenalectomized rats. In comparing the 
results obtained in different laboratories with the same poison, con- 
siderable differences in the lethal dose appeared to exist. With some 
of the poisons, as for example, typhoid vaccine, it seemed likely that 
the difference could be explained by a lack of uniformity of the prepa- 
ration. Inasmuch as this test may have considerable value in future 
experimental work, it seemed advisable to secure additional data 
concerning certain of these poisons in order to find a stable substance 
having a relatively constant ratio between the lethal dose for supra- 
renalectomized rats and that for normal rats. This ratio should be 
at least 1:20. If such a substance could be found, the test might 
be standardized. In our attempts to standardize this test, we have 
used, up to the present time, typhoid vaccine, chloral hydrate, 
sodium cyanide and histamine, and the results obtained may be 
summarized as follows: 

Typhoid Vaccine . — Marine and his coworkers (4) have shown that 
75 per cent of rats are killed by 0.25 cc- of a standard typhoid vaccine 
within 8 days after suprarenalcctomy. In a recent paper we showed 
(6) that suprarenalectomized rats surviving in good condition are 
killed by typhoid vaccine in doses of 0.4-1 cc. at the height of sus- 
ceptibility (5-7 days). On repeating these experiments, it was noted 
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able chicken tumors having for their origin a spontaneous growth, 
in that despite many efforts no causative agent has been separated 
from the living cell. It is, of course, possible that some new method 
or change in technique may lead to a positive result, yet considering 
the very wide range of conditions resorted to in this study, its negative 
result would appear significant. The possibility that the agent might 
be highly susceptible to oxidation has not been completely tested but 
the negative results obtained in this laboratory with extracts of rat 
and mouse tumors filtered under anaerobic conditions indicate that 
this possibility is not of importance in explaining the failure in filtrabil- 
ity. That the agent might require contact with cells of the type from 
which the tumor presumably arose has been well covered by injecting 
the filtrate and desiccate into growing embryoma. That the failure is 
not due to natural resistance in the chicken is shown by the fact that 
the developing embryo, an organism without resistance, 4 failed to 
yield growths on the injection of filtrate or desiccate. 

While Chicken Tumor 9 is not so rapid in its growth as Chicken 
Tumor 1, yet it is more rapid than several of the other transplantable 
spontaneous tumors 5 which have been easily transmitted by filtrates. 
It would seem, therefore, that the failure of filtrability in its case 
is not explainable on the basis of lack of malignancy. 

For the present this tumor must stand as an exception in the chicken 
tumor group, in that it resembles the mammalian tumors in the failure 
to be transmitted bj' an agent separable from the living cell. 

SUMMARY. 

Numerous attempts have been made by us to separate from the cells 
of a tar sarcoma of the chicken (Chicken Tumor 9) a causative agent 
for the growth. Experiments with filtrates and desiccates injected 
as such or in combinations with embryonic tissues have all failed to 
give positive results. So too have injections of filtrates and desiccates 
into developing chick embryos failed to yield a response. The results 
confirm those of previous work with the tumor in this laboratory. 
The growth would appear to differ in a fundamental respect from all 
tumors of the fowl previously studied. 

8 Tytler, W. H., J. Exp. Med ., 1913, xvii, 466. Rous, P., and Lange, L. B., 
J. Exp. Med., 1913,xviii, 651. Rous, V.,J.Exp.Mcd., 1914, xix, 570. 



the use of histamine as a standard test for 

DIMINISHED RESISTANCE IN SUPRARENALECTO- 
MIZED RATS. 

By J. MARMORSTOX-GOTTESJ.IAX, M.D., axd J. GOTTESMAN, il.D. 

(From the Division of Laboratories of Monlejiore Hospital, New York.) 

(Received for publication, December 8, 1927.) 

The resistance of suprarenalectomized animals to a number of non- 
specific poisons is markedly reduced, as has been shown by several 
independent workers (1—6). These observers employing such poisons 
as cobra venom, curare, morphine, diphtheria toxin and typhoid 
vaccine were able to demonstrate a striking difference in resistance 
between normal and suprarenalectomized rats. In comparing the 
results obtained in different laboratories with the same poison, con- 
siderable differences in the lethal dose appeared to exist. With some 
of the poisons, as for example, typhoid vaccine, it seemed likely that 
the difference could be explained by a lack of uniformity of the prepa- 
ration. Inasmuch as this test may have considerable value in future 
experimental work, it seemed advisable to secure additional data 
concerning certain of these poisons in order to find a stable substance 
having a relatively constant ratio between the lethal dose for supra- 
rcnalectomized rats and that for normal rats. This ratio should be 
at least 1:20. If such a substance could be found, the test might 
be standardized. In our attempts to standardize this test, we have 
used, up to the present time, typhoid vaccine, chloral hydrate, 
sodium cyanide and histamine, and the results obtained may be 
summarized as follows: 

Typhoid Vaccine . — Marine and his coworkers (4) have shown that 
75 per cent of rats are killed by 0.25 cc. of a standard typhoid vaccine 
within S days after suprarenalectomy. In a recent paper we showed 
(G) that suprarenalectomized rats surviving in good condition are 
killed by typhoid vaccine in doses of 0.4-1 cc. at the height of sus- 
ceptibility (5-7 days). On repearing these experiments, it was noted 
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TAHI.K I 


Effect of I vim peritoneal Injections of Different Hatches of Typhoid Vaccine on 

Suprarenal eel, nnized Rats. 


No. of 
rats 

Prepara- 
tion niu] 
Lot No. 

Sex 

Wei, "lit 

Intrrval 
lift wren 
operation 
amt 

Infection 

Amount 

of 

vaccine 

Duration litr 
titter injection 

N'o. rnti 
tilled 




jr^t. 

djyt 

ct. 

Sr;. 



N. Y. 
Hoard of 








Health 


l 





3 

114—113 

F. 


5 

1.0 

12 

2 



tt 

■ 

5 

1.0 

18 




it 

170 

5 

1.0 

Survived. 


9 


it 


6 

1.0 

■!} 

6 



it 

n 

6 

1.0 

6 




i< 

130 

6 

1.0 

6 




it 

16-1 

6 

1.0 

5 




a 

144 

6 

1.0 

18 



! 

M. 

192 

6 

1.0 

Survived. 




it 

150 

f> 

1.0 

tt 




tt 

167 

6 

1.0 

it 




a 

190 

6 

1.0 

IS 


4 


a 

ISO 

mm 

■eb 

10 

4 



tt 

1S1 


n 

105 




a 

17S 



is 




V. 

160 

Kfl 

Ka 

6 


2 


it 

132 

S 

1.0 

S 

2 



a 

152 

s 

1.0 

10 


2 


M. 

190 

s 

1 

1.5 

7 

2 



it 

175 

s 

1.5 

IS 


9 

109-229 

F. 

135 

8 

1.0 

Survived. 1 

1 



M. 

170 

s 

1.0 

S 




F. 

154 

s 

1.0 

Survived. 




it 

120 

8 

1.0 

tt 




tt 

114 

8 

1.0 

tt 




tt 

110 

S 

1.0 

it 




tt 

124 

S 

1.0 

tt 




M. 

179 

s 

1.0 

tt 




tt 

190 

s 

1.0 



3 

115-414 

R 

153 

■ ■ 

1.0 

tt 

None. 



mm 

165 


1.0 





R 

ISO 

Wnm 

1.0 
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XABLE I — Concluded. 


No. of 
rats 

Prepara- 
tion and 
Lot No. 

Sex 

Weight 

Interval 

between 

operation 

and 

injection 

Amount 

of 

vaccine 

Duration life 
after injection 

No. rats 
killed 


mm 




mm 

hr:. 


6 






5 

6 



it 




18 




it 


7 

1.5 

4 




M. 

189 

7 

1.5 

6 




U 

180 

7 

1.5 

7* 





145 

mm 

1.5 

2 


mm 



mm 

jgg 

0.2 

85 

3 




■ 



18 






B 

0.2 

12-18 


2 

u. s. 

F. 

195 

6 

1.5 

Survived. 

None. 


Arm> 

it 

180 

0 

1.5 

it 



triple 








* See foot-note 1. 


XABLE II. 


The Effect of Chloral Hydrate on Normal Rats. 


No. of rats 

Sex 

Weight 

Dose per kg. 

Amount 

injected 

Results 



im. 


ns. 


3 

F. 



60 

Recovered. 


II 

146 


60 

If 


it 

176 

400 

70 

If 

2 

it 

155 

600 

93 

If 


u 


600 

90 

If 

3 

(1 

155 

700 

113 

Dead 2 hrs. 10 min. 




700 

105 

Recovered. 



168 

700 

117 

II 

3 

If 

(1 

157 

155 

800 

800 

125 

125 

Dead fetv min. 

“ 30 " 



153 

£00 

125 

“ 30 “ 
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that different lots, even of so called standard typhoid vaccine, showed 
wide variations in toxicity. 1 

Chloral Hydrate .— Eleven normal rats were injected subcutaneously 
with chloral hydrate. Of three rats injected with 800 nip. per kilo, 
all were hilled. Of three rats injected with 700 mp, per kilo, one 
was killed, while all five rats injected with -500-600 mp. per kilo 
survived. Three suprarcnalectomiml rats were tested at the height 
of susceptibility (6 days after the removal of the glands), but no 
decrease in resistance could be demonstrated. Sec Tables JJ and III. 

Sodium Cyanide . — The subcutaneous of sodium cyanide for 

normal rats was found to be between 9.8 and 11.0 mp. per kilo, 
approximately the same dose as that found by Vocgllin, Johnson and 


TABLE III. 

The EJIcet pJ Chloral Hydrate on Suprarenaleclcinized Hals. 


No. ot rats 


Weight 

D per kg. 

Amount 

injrctril 

Irdrrvat 

b-twera 

operation 

and 

injection 

Moults 




m 

t'Z. 

<?Jjr 


3 

F. 

. J 

mmm 

42 

9 

Recovered. 


M. 



S4 

9 

it 



■ , ■ 

■a 

S4 

9 

if 


Dyer (7). This amount injected subcutaneously killed five out of six 
normal rats. Amounts less than 9.S mg. per kilo did not kill 
any in a series of six normal rats used. Thirteen suprarenalecto- 
mized rats were injected subcutaneously with varying amounts of 
sodium cyanide. Two rats injected 6 days after removal of the glands 

1 Preparation 114, Lot 415 New York Board of Health vaccine killed with a 
dose of 0.2 cc. This particular vaccine had been used as a non-specific thera- 
peutic measure in chronic arthritis and cancer, and the clinicians had noted 
much more marked reactions from a given dose of this preparation than had been 
obtained with the same dose of other preparations. The variations in toxicity 
which we had found would explain the differences in results reported by several 
workers and make typhoid vaccine unsatisfactory as a routine test substance for 
the resistance of suprarenalectomized rats unless the lethal dose of each lot is 
separately determined. 
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TABLE TV. 


Effect of Sodium Cyanide on Normal Rais. 


No. of rats 

Sex 

Weight 

Dose per kg. 

Amount 

injected 

Results 

3 

F. 

in. 

147 

ng. 

5.5 

ng. 

.80 

Recovered. 


M. 

164 

5.5 

.90 

tt 


F. 

138 

s.s 

.76 

tt 

3 

tt 

144 

i 

4.4 

.64 

tt 


M. 

184 

4.4 

.80 

tt 


it 

176 

4.4 

.78 

tt 

3 

F. 

136 

9.8 

1.33 

Dead 5 hrs. 


M. 

144 

9.8 

1.40 

“ 2 “ 


tt 

179 

9.8 

1.76 

tt 2 lc 

3 

F. 

144 

11.0 

1.58 

Recovered. 


M. 

184 

11.0 

2.01 

Dead 1 hr. 


tt 

176 

11.0 

1.93 

tt J tt 


TABLE V. 


The Effect of Sodium Cyanide on Suprarcnalcclomized Rats. 


No. of 
rats 

Sex 

Weight 

Dose per 

kg- 

Amount 

injected 

Interval 

between 

operation 

and 

injection 

Results 



tm. 

ng. 

ns. 

dcyx 


2 

F. 

150 

5.5 

.82 

6 

Killed 31 hrs. 


M. 

180 

5.5 

.99 

6 

“ 75 “ 

2 

it 


2.75 

.59 

6 

Recovered. 


F. 


2.75 

.43 

6 

if 

6 1 

M. 

184 

4.8 

.9 

13 

Killed 1 hr. 



129 

4.8 

.63 

13 

“ 18 hrs. 



107 

4.8 

.52 

13 

“ 18 “ 



132 

575 

.73 

13 

Recovered. 



150 

5.5 

.82 

13 

Killed 1 hr. 


I 

166 

5.5 

.91 

13 

“ few min. 

3 

K9 

164 

4.85 

.8 

30 

Reco%-ercd. 



172 

4.65 

.84 

30 

tt 


1 F - 

121 

3.93 

.49 

30 

tt 
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with 5.5 mg. of NaCN per kilo were hilled. Two rats injected 
at 6 clays with 2.75 mg. per kilo were not killed. Five out of 
six rats injected 13 days after suprarcnalcctomy were killed with 4.8- 


TABLE VI, (1. 

Effect of Intravenous Injections of Histamine Arid Phosphate on Normal Rats. 


Rat No. 

1 

Wright 

| 

Hiitaminc acid 
pho-.pliatc 
per kg. 

Remarks 

15S-2 

.c”. 

195 

r-r. 

900 

Recovered in 3 hrs. In good condition 

158-1 

200 

1000 

niter 2 tvks. 

Recovered in 3 hrs. In good condition 

158—1 

170 

1200 

niter 2 wks. 

Recovered in good condition in 3 hrs. 

169-3 

260 

1350 

Lived for 6 tvks. Died. 

Recovered in 3 lire. In good condition 

15S-3 

ISO 

1500 

after 2 \vks. 

Recovered in good condition nfter 3 hrs. 

159-2 

165 

2000 

In good condition niter 2 wks. 

Dead in 2 hrs. 15 min. 


TABLE VI, b. 


Effect of Inlrapcriloncal Injections of Histamine Acid Phosphate on Norma! Rats. 


Rat No. 

Weight 

Histamine 

acid 

phosphate 
per kg. 

Results 


gm. 

tr.g. 




94 

165 

1000 

Recovered after ictv hrs. in good condition. 

95 

232 

1200 

it It tt 

« It 

tt tt 

96 

150 

1300 

tt tt tt 

tt tt 

it tt 

97 

195 

1400 

“ “ 10 

tt tt 

tt tt 

98 

185 

1500 

“ “ 10 

tt It 

tt it 

99 

155 

1600 

Dead after IS hrs. 



100 

170 

1700 

u n 11 « 



101 

1S8 

1800 

a ii 4 « 




5.5 mg. per kilo. Three rats injected at 30 days with 4.5 mg. per 
kilo were not killed. It appears therefore that suprarenalecto- 
mized rats at the height of susceptibility are about twice as susceptible 













TABLE VH. 

Effect of Intravenous Injections of Histamine Acid Phosphate on Suprarenalec- 

lomized Rats. 


No. of 
rats 

Sex 

Weight 

Interval 

between 

operation 

and 

injection 

3istamine 

add 

phosphate 
per kg. 

Histamine 
add phos- 
phate dose; 
amount 
injected 

Duration of Ufe 
after injection 

No. of rats 
killed 



gm. 

days 

ms. 

ms. 

firs . 


5 

F. 

165 

20 

298.1 

49.2 

10 

5 


M. 

Ba 

20 

406.0 

81.2 

1 

3 



It 

m 

20 

491.7 

10S.2 

3 

4 



tt 

mm 

20 

245.9 

54.1 

% 



It 

210 

20 

351.4 

73.8 

8 


5 

tt 

220 

7 

346.3 

76.2 

5 

5 


F. 

170 

7 

520.6 

88.5 

2i 



M. 

220 

7 

171.2 

37.9 

Few min. 



tt 

175 

7 

140.6 

24.6 

61 



ft 

225 

7 

141.7 

31.9 

3 


7 

F. 

165 

6 

123.0 

20.3 

6 

7 


tt 

165 

6 

123.0 

20.3 

45- 



M. 

200 

6 

246.0 

49.2 

25 



tt 

200 

6 

246.0 

49.2 

6 



tt 

210 

6 

199.0 

41.8 

18 



tt 

240 

6 

205.0 

49.2 

3 



« 

230 

6 

164.7 

37.9 

Si 


3 

F. 

160 

21 

187.5 

30.0 

3 

3 


tt 

165 

21 

181.8 

30.0 

12 



it 

175 

21 

171.4 

30.0 

18 


4 

M. 

225 

6 

80.0 

18.0 

3 

3 


If 

243 

6 

80.0 

19.4 

3 



F. 

180 

6 

80.0 

14.4 

n 



tt 

160 

6 

80.0 

12.8 

Survived. 


2 

M. 

250 

6 

60.0 

15.0 

it 

0 


it 

200 

6 

60.0 

12.0 

tt 


1 

(( 

240 

6 

40.0 

9.6 

a 


4 

(1 

285 

6 

20.0 

5.7 

it 

0 


« 

185 

6 

20.0 

3.7 

it 



If 

230 

5 

20.0 

4.6 

a 



F. 

175 

5 

20.0 

3.5 

tt 


2* 

M. 

220 

7 

172.2 

37.9 

tt 



F. 

195 

21 

153. S 

30.0 

tt 



* Controls — one adrenal intact. 


509 












510 


HISTAMINE IN SUl’RARKNAJ.ECTOMIZKI) HATS 


TAIILE VIII. 


Influence of the Time, Interval after Supraremleetamy on the E ffect of I utra peritoneal 
Infections of Histamine Arid Phosphate. 


No. of rat 1 ' 

Sex 

MVifiM 

Interval 

between 

operation 

nnd 

injruion 

Hittnmlne 

arid 

phoipfcalr; j 

amount 

inj'Ytrd* 

Duration r>f tifr 
after inj-ettan 

No. of ntt 
kilted 




day. 

r~c. 

hrs. 


6 

M. 

200 

2 

20.0 

Survived. 

i 


F. 

165 

2 

16.5 

2 



it 

200 

2 

20.0 

Survived. 



a 

190 

2 

10.0 

it 



it 

195 

2 

10.5 

ii 



tt 

170 

2 

17.0 

it 


5 

it 

1' 

li 

3 

22.0 

it 

2 


it 

iHtefl 

3 

22.0 

12 



M. 

K9 

3 

25.0 

Survived. 



it 

2-10 

3 

24.0 

4S 



it 

f 

260 

3 

26.0 

Survived. 


7 

it 

230 

4 

23.0 

1 

<1 

2 


F. 

190 

4 

10.0 

it 



tt 

ISO 

4 

1S.0 

13 



it 

200 

4 

20.0 

Survived. 



a 

165 

4 

16.5 

<< 



it 

190 

4 

19.0 

» 



M. 

220 

4 

22.0 

2 


12 

it 

190 

5 

19.0 

2 

12 


it 

220 

5 

22.0 

3 



it 

210 

5 

21.0 

IS 



tt 

179 

5 

17.9 

1 



it 

194 

5 

19.4 

1 



it 

1S1 

5 

1S.1 

1 



tt 

1S1 

5 

1S.1 

2h 



a 

201 

5 

20.1 

X 

2 



tt 

193 

5 

19.3 

3 



F. 

168 

5 

16.8 

3 



it 

132 

5 

13.2 

4 



it 

162 

5 

16.2 

9 



* 100 mg. per kilo of body weight. 
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TABLE Vm— Concluded. 


No. of rats 

Sex 

Weight 

Interval 

between 

operation 

and 

injection 

Histamine 

zdd 

phosphate; 

amount 

injected* 

Duration of life 
after injection 

No, of rats 
killed 


mm 

gm. 

days 

rig. 

krs. 


10 



6 

18.0 

2 

8 



200 

6 

20.0 

18 




240 

6 

24.0 

4 



H 

218 

6 

21.8 

Survived. 

1 


, K 

240 

6 

24.0 

1 




185 

6 

i 18.5 

2 



M. 

210 

6 

21.0 

Survived. 



F. 

159 

6 

15.9 

1 



« 

ISO 

6 

15.0 

2 



M. 

216 

6 

21.6 

It 


6 

F. 

200 

7 

20.0 

Survived. 

3 


u 

210 

7 

21.0 

tt , 



a 

160 

7 

16-0 

2 



tt 

225 

7 

22.5 

1 



a 

190 

7 

19.0 

Few min. 



tt 

190 

7 

19.0 

Survived. 


3 

a 

250 

8 

25.0 

2 

1 


a 

180 

8 

18.0 

Survived. 



« 

240 

8 

24.0 

it 



to NaCN as are normal rats. This difference in the lethal dose of 
NaCN for suprarenalectomized and normal rats is, however, so small 
that this drug cannot be advantageously used as a test for decreased 
resistance. See Tables IV and V. 

Histamine . — the increased susceptibility of suprarenalectomized 
animals to histamine has been shown by numerous investigators 
( 8 - 12 ). 

The intravenous m.l.d. of histamine add phosphate for normal 
rats has been found to be approximately 900 mg. per kilo by 
Voegtlin (13) and 500-700 mg. per kilo bv Crivellari (11). 

In our experience (Tables VI, a and VI>) the m.ld. for normal rats 
is approximately 1600 mg. per kilo. As the preparation of 
histamine used in our experiments was the same as that employed in 
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the experiments of Vocgtlin (13) and Crivellari (11) it is possible that 
tlic difference in the lethal dose is due to a difference in the age or in 
the susceptibility of the albino rats that we and they have used. Our 
rats were approximate!}' 5 months of age and were reared in the labora- 
tory from Wistar stock. 

The increased susceptibility of suprarennlectomizcd rats to the 
intravenous injection of histamine is shown in Table YJI. As the 
intravenous m.l.d. for these animals is approximately S0-100 mg. of 
histamine acid phosphate per kilo the suprarenalcctomizcd rats 
arc about 20 times more susceptible to histamine than the normal rats 
of the same age and strain. Banting and Gairns (10) found that supra- 
rcnalcclomizcd dogs arc about thirty times more susceptible to his- 
tamine than arc normal dogs. 

As the intravenous injection of histamine acid phosphate in doses 
as high as 2000 mg. per kilo involves the injection of compara- 
tively large amounts of phosphoric acid, it seemed advisable to exclude 
by control experiments a possible effect of phosphoric acid. We 
therefore injected two normal rats with the amount of phosphoric 
acid per kilo contained in 2000 mg. of histamine acid phosphate 
per kilo. Instead of the phosphoric acid solution, an equivalent 
amount of NaHsPCVH-O was used. The rats were sick for about 
3 hours but recovered completely. Smaller amounts of NaHjPCV 
H : 0 (l/10th of the dose used for the normal rats) had no effect on 
two suprarenalcctomizcd rats. 

The results of intrapcritoncal injections of histamine acid phos- 
phate in 49 suprarenalcctomizcd rats arc given in Table VIII. Of IS 
suprarenalcctomizcd rats injected with 100 mg. of histamine acid 
phosphate per kilo between the 1st and 4th days after the removal 
of both glands, 5 were killed, whereas 24 out of 31 suprarenalecto- 
rnized rats injected at 5, 6, 7 and S days after the operation were killed. 

A comparison of Tables VII and VIII shows that the difference in 
the m.l.d. of histamine acid phosphate for suprarenalectomized rats 
when given intravenously and intraperitoneally is negligible. Since 
the technique of intravenous injection in the rat is quite difficult, 
these results show that the intravenous method may be abandoned 
for this purpose. 

We should like to call attention again to the latent period after 



J. ALARMORSTON-G OTXE SHAN AND J. GOTTESAIAN 


513 


suprarenalectomy. As pointed out previously (6), the great drop in 
resistance does not occur until about the 5th day after the operation. 
This is illustrated in Table Vm where of 18 rats injected between the 
2nd and 4th days, only 5 were killed, whereas of 31 rats injected with 
the same amounts between the 5th and 8th days, 24 were killed. 

SUMMARY. 

Of all the drugs thus far used in testing the resistance of supra- 
renalectomized rats, histamine has been found to be the most satisfac- 
tory. It is a readily obtainable and comparatively stable drug, 
producing characteristic symptoms. Its m.l.d. for a given strain of 
rats can be established within narrow limits, and the difference between 
the m.l.d. for normal and suprarenalectomized rats is comparatively 
great (1:20). 

We wish to thank Dr. David Marine for his helpful advice and 
criticisms throughout the course of this work. 
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This paper is the fourth of a series of studies on experimental pneu- 
mococcal meningitis. The three preceding (1-3) are concerned with 
various aspects, both pathologic and therapeutic, of experimental 
Type I pneumococcal meningitis in rabbits and dogs, together with a 
discussion of certain complicating factors in the disease. The patho- 
logic studies are too extensive to summarize at this instance. From 
the point of view of therapy, however, it may be said that in one of 
these papers (2) a method was described whereby in suitable, uncom- 
plicated cases, a number of permanent cures resulted. This method 
consisted in a saline lavage followed by a generalized flooding of the 
meninges with mixtures of immune serum and ethylhydrocupreine 
hydrochloride. The most important factor in obtaining successful 
recovery from the disease was our ability to bring repeatedly all 
infected regions of brain and cord into contact with the serum-drug 
mixture. This possibility, in turn, was favored by the nature of the 
early pathologic reaction on the part of the animal. With the pneu- 
mococcus strains employed, the animals reacted with only a moderate 
early leucocytosis; the fibrin was relatively scanty and there was a 
strong tendency' of the spinal fluids toward the assumption of the 
picture which the French describe as “dissociation cytobacteriologi- 
que du liquide cephalorachidien,” i.c., a fluid with many organisms 
yet a relatively mild fibrinocellular reaction. In other words, thera- 
peutic possibilities were excellent. The exudate was not so fibrinous 
as to preclude extensive lavage and good serum-drug contact with the 
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pneumococcus. Although the organisms at first were present in very 
large numbers, after the lavage they were greatly diminished and 
following serum injection the degree of phagocytosis was very marked. 
As the disease progressed, with or without treatment, in certain of the 
animals a degree of partial immunity was apparently established and 
its expression was evidenced by a massive leucocytosis; this lcucocy- 
tosis, however, was not very effective, since no matter how many 
leucocytes were present in the spinal fluids, the phagocytosis, in the 
absence of immune scrum, was slight. This very leucocytosis, instead 
of favoring recovery' under treatment, actually prevented effective 
treatment, since under these conditions lavage became impossible 
and injected scrum failed to distribute itself properly. A successful 
treatment was one in which, by lavage, very early reduction in the 
number of organisms occurred, in which scrum-optochin injections 
brought about active phagocytosis, and which, by' repetition, proven ted 
subsequent development of organisms to an extent sufficient to excite 
these massive purulent reactions. 

It is a well established fact that the potency of most Type II anti- 
pneumococcus scrum is low. Nevertheless, since in meningeal disease 
the therapeutic agent is introduced intrathccally into direct contact 
with the infecting agent, it was deemed reasonable to attempt the 
therapy of Type II meningitis in a manner similar to that employed 
in the treatment of Ty r pe I. It may' be stated at the outset that we 
were unable to cure any' of the animals. The reason for this failure 
will be readily' apparent from the following description and discussion 
of the work. 


Course and Pathology of Disease. 

Four strains of Type II pneumococcus were used in the production of the 
disease. In all instances a Petroft-Hausser counting chamber served to determine 
dosage. As a rule 6 hour dextrose broth cultures were employed and the amount 
injected was usually from 0.5 to 1.0 cc. of a 1:100 culture dilution. No attempts 
were made to alter artificially by serial animal passages the “virulence” of the 
strains; every' strain was transferred on receipt to blood broth and kept as stock, 
transplants being made to dextrose broth and incubated about 6 hours before use. 
Growth was always very heavy. One of the strains (II, 62) was of low activity in 
the dog, as appears from the following protocols. 

Dog 1 . — Female hound; weight 4 kilos. October 13, 1927, 4.35 p.m., cistern 
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puncture under ether; dear fluid. Injected 1.7 m ill i on Type II pneumococci. 
Strain II, 62. Normal ether recovery. 

18 hours: Apparently well. 

23 hours: Ether; dstem puncture; slightly cloudy fluid; rare cells and no coed 
in smears. Culture negative. Subsequent uneventful recovery. 

Dog 2. — Hound; weight 5 kilos. October 17, 1927, 4.00 p.m., cistern puncture 
under ether; dear fluid. Injected 10 million Type II pneumococd. Strain n, 62. 

19 hours: Slightly sluggish; slight ataxia. Ether, lumbar and cistern taps; 
drained 3 cc. very doudy fluid under tension from astern; smear showed numerous 
polymorphonudears per oil immersion field, but no coca were seen. Upon 
planting a large amount of the fluid on a blood agar plate only fifteen colonies 
resulted. A spasmodic muscle contraction resulted in cisternal hemorrhage with 
death. Autopsy showed, aside from the area of hemorrhage, a grossly normal 
brain; no cocci were seen in any of the smears. Cultures from all regions were 
negative, except that a plate planted with the entire content of one lateral ventride 
grew eight colonies. 

Other animals infected with this strain made it appear that the 
strain activity was not such as to render its use desirable in our work. 
Some strains of Type H are apparently of even much lower activity, 
as demonstrated by the work of Idzumi (4). Idzumi infected his dogs 
subthecally with very large amounts of a Type II pneumococcus 
(8 cc. of a 24 hour broth culture lethal for mice in 50 to 60 hours in 
a 10~ 5 dilution). This dosage killed the dog in 20 hours. Only one 
experiment is reported and the pathological findings after this very 
large dose do not especially differ from our own, when using much 
smaller infecting quantities. 

Two of our strains designated as D 39 and IE 740 produced pictures 
identical in most respects. If anything, H 740 was somewhat more 
active. Bacteremia was rarely a problem; a few colonies from the 
postmortem heart’s blood were a frequent finding. When significant 
bacteremia did occur, it was apparently the result of some individual 
peculiarity; it was— of course within reasonable limits— independent 
of v. eight of animal and infecting dosage, as the following two protocols 
demonstrate. 


Dog 3,-Hound; weight 3.5 kilos. May 19, 1927, 10.45 a.m„ cistern punc- 
ture under ether. Injected 18.0 million Type H pneumococd, Strain D 39 
Anesthesia continued with intravenous sodium diethylbarbiturate Samples of 
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blood were withdrawn at intervals from the leg vein and planted in 1 cc. quantities 
on blood agar plates with the following results: 


1 hour no growth. 

3} hours no growth. 

5i hours 5 colonics per cc. 


22 hours after infection the dog was found dead. Autopsy revealed generalized 
purulent meningitis; the entire brain was covered with yellowish, adherent, exu- 
date. Abundant cloudy fluid in the cord meninges; cortex anti cord showed 
petechial hemorrhages. Organisms were present everywhere, hut never as 
numerous as one finds in the animal dying of Type I infection; especially in the 
cisternal pus there was very marked phagocytosis and one could observe many 
foci of pscudoagglutination. (We have coined the term “pscudongglutinntion” 
to describe the appearance of exudates containing clusters of pneumococci formed 
by growth of groups of cocci recently liberated by the degeneration of leucocytes 
which had previously phagocvtcd them.) The heart 's blood gave slight growth. 
The lungs showed congestion and edema. 

Compare this with the following protocol of an experiment per- 
formed with the same culture, the same day, on a dog of the same 
weight and litter. The infecting dose was only half that used in the 
preceding ease, yet there was early generalization of the disease. 

Dog 4. — Hound; weight 3.5 kilos. May 19, 1927, 11.00 a.m., cisternal in- 
jection under ether of 9.0 million Type II pneumococci, Strain D 39. Anesthe- 
sia was continued with intravenous sodium dicthylbarbituratc. Interval bleedings 
gave the following results: 


1 hour no growth. 

3 i hours no growth. 

51- hours 1050 colonics per cc. 


At 22 hours the animal was found dead. Autopsy showed a dry', hypcremic 
brain; the exudate was scanty; cells and cocci were rare. In addition there were 
acute seropurulent plcuritis and peritonitis; pneumococci were demonstrated in 
the fluids both by direct examinations and by cultures. The heart's blood culture 
gave massive, confluent growth. 

Only twice during the study of T} r pe II meningitis have we felt 
that there was sufficient generalization of infection to modify the 
prognosis of the disease. These infecting doses given in the two 
preceding experiments were somewhat larger than those subsequently 
employed. In brief, infecting amounts of IS, 15, and 12 million 
organisms of the D 39 strain given intracistemally killed in less than 1 
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day. Smaller numbers have given more inconstant results. Doses of 
7 million organisms in three experiments permitted survival up to 
40, 42, and 66 hours respectively; however, all of these survivals 
received one or more treatments which may possibly have delayed 
death. Intracistemal doses of 3 to 3| million pneumococci usually 
allowed survival beyond the 1st day of disease, but even with this 
low dosage some animals have succumbed within 18 hours. The lower 
the infecting dose, the more apparent are the individual differences as 
regards the period of survival. Obviously a dosage which is quite 
apt to kill in less than 1 day is not a suitable one for the production of 
a type of disease which may be studied from the point of view of 
therapy. 

Of course we can offer no explanation for individual differences in 
the survival period of the animals. There are, however, certain facts 
which correlate these differences with the pathological findings in the 
different animals. When the same amounts of the same culture are 
used for infection, it is impossible to see how the pathology can be 
explained by any difference in the infecting organism. The only 
variant is the response of the animal and the varying intensity of this 
reactional process is very important; this is naturally true in any 
infectious disease, but perhaps it is most apparent in central nervous 
system infections of the variety under study, because the nature and 
relations of the brain and cord make them unsuitable to withstand 
any severe, acute, rcactional pathology. 


If one infects a dog intradstemally with Type I pneumococcus and 
subsequently examines the spinal fluid, one notes, after a brief period 
during which time the organisms diminish somewhat in numbers, due 
in part to a slight initial phagocytosis, a progressive increase in organ- 
isms. Phagocytosis becomes negligible and the picture is one of 
cytobacteriologic dissociation. In Type II infections, from the start 


there is rather marked phagocytosis of cocci, even approaching in 
degree that seen after serum therapy of Type I. Coupled with this 
primary resistance to Type H there is a very heavy exudation of 
librin and polymorphonuclear leucocytes, and a tendency toward 
localization of the disease; this attempt at localization is never in our 
experience, completely successful, but its effect may be disastrous to 
the animal, as the following protocol demonstrates. 
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Dog 5,— Male collie pup; weight 4 1 kilor.. September 27, 1927, •1.25 p.m., 
morphine; ether; cistern puncture; clear fluid. Injected 3.5 million Type II, 
Strain D 39. Normal ether recovery. 

IS hours: Was just expiring when cape was visited. Autopsy: cord meninges 
edematous, injected, hemorrhagic, filled with fihrinopurulcnt exudate. Smears 
show numerous pus cells and a moderate number of diplococci, with evidence of 
considerable phagocytosis, coccal disintegration, with some small, atypical, and 
Grain-negative forms. Grossly about the medulla, cistern, and pontile base, the 
exudate is very thick and so fibrinous that it must be stripped off with forceps. 
The medullary smear resembles that from the cord. Convexity and base show 
much hemorrhagic injection (Fig. 1). Along the veins of the convexity is a 
moderate amount of cloudy fluid, containing fairly numerous cocci. The lateral 
ventricles contain abundant opalescent fluid, with rare cells hut numerous cocci. 
There is slight bacteremia. 

Fig. 2 gives some indication of the fibrinous character of the exudate 
at the site of injection. The fibrin distribution is that characteristic 
of those eases which die early after cistern infection; there is a very 
heavy layer closely surrounding the cord or medulla, and this layer 
continues out in similar fashion about the nearby vessels; this dense 
fibrin is comparatively devoid of cells, but further out, where the 
fibrin meshes arc less dense, polymorphonuclear leucocytes arc abun- 
dant. Curiously enough, by Gram-Weigert staining few pneumococci 
are found in the dense fibrin layers, but in the looser, fibrinocellular 
portion they are abundant. The vessels may show considerable 
damage and frequently, from scrum exudation into their walls, they 
stain in a hyaline manner; the vessel walls arc extensively infiltrated 
by polymorphonuclear leucocytes. Occasionally with these marked 
reactions it is possible to detect deep changes in the nerve cells of the 
cord. These changes consist in necrosis with polymorphonuclear 
reaction and invasion of the affected nerve cells (Fig. 1 1). The smaller 
vessels of the gray matter show some polymorphonu clear perivascular 
reaction, and there is slight generalized, or patchy infiltration (Fig. 12) 
of the interstitial Derve tissue either in the cornua or fasciculi. This 
is not the same phenomenon which one sees in a spreading myelitis of 
central canal origin, for in the former it lias not been possible to demon- 
strate organisms in the region or in the finer vessel sheaths, whereas 
in the latter — the central myelitis — organisms are very abundant and 
the pathological picture is quite different. The pathology suggests 
the action of a diffusible toxic substance; were it not for the marked 
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meningeal reaction, one might easily confuse the picture with polio- 
myelitis. In the protocol of Dog 5 it is seen that the organisms were 
rather numerous; the infection at death was severe; changes in deep 
nerve cells may have hastened death, but in other animals death has 
occurred without a marked proliferation of organisms, without massive 
ventricular growth, without detected deep nerve cell pathology, and 
in the absence of significant bacteremia. Nothing, therefore, is left 
to account for death, except the presence of the massive exudate in the 
asternal region adjacent to vital centers, and experience forces us to 
attribute to this reaction very unfavorable significance. We noted in 
Type I pneumococcal meningitis the severity of symptoms for a few 
hours after extensive serum treatment and were inclined to attribute 
it to the marked increase in leucocytosis — a transient phenomenon. 
Had a general anesthetic not been necessary, we would have drained 
our animals several times at the height of the leucocytosis to relieve 
the intensity of the reaction and it is suggested that in the treatment 
of human disease this procedure would be desirable. 

The effect of a massive asternal exudate is apparent in another way. 
The space is small and a block is readily attained. As a rule, the 
lateral ventricles are infected early in the course of the disease. A 
primary cisternal injection in the amount used in our experiments does 
not pass into the lateral ventricles; as judged by dye injections in 
equivalent quantities, it distributes itself to the cervical cord, fourth 
ventricle and its meninges, and to the base and adjacent lower lateral 
portions of the cerebrum; the cerebellum may be stained, but the 
tentorium prevents forward spread to the convexity. Apparently 
infection follows the same course. A marked early, asternal block 
may occur, with organisms present in the asternal exudate but without 
cocci in the lateral ventricles at the time of death. In the absence of 
early block the ventricles may become infected very soon in the course 
of the disease, and in this case the pneumococci multiply to an extra- 
ordinary' extent in the lateral ventricles behind the subsequently 
developing block, and fairly well established hydrocephalus may 
develop within 2 days after primary infection. An interventricular 
block may result in quite different pictures in the two lateral ventricles. 
The following two protocols show the probable effect of asternal 
block on the distribution of the infecting agent. 
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Dog 6. — Hound; weight 8.4 kilos. October 24, 1927, 4.85 p.m., ether; cistern 
puncture, dear fluid. Injected 5 million Type II pneumococci, Strain T) 39. 

20 hours: Dead. Autopsy reveals the usual fihrinohcmorrhagic exudate block- 
ing the fourth ventricle and extending over medulla and cervical cord; small 
amount of purulent exudate at the base; lower cord and convexity practically clear 
in gross; the lateral ventricles contain abundant opalescent fluid with pus cells 
but no cocci; cervical cord and cisternal smears show abundant pus cells and a 
few free and phagocvtcd cocci. A “rcactional” death. 

Dog 7. — J'o.v terrier; weight 5 kilos. October IP, 1 927, 4.15 p.m., ether; cistern 
puncture; clear fluid. Injected 2} million D 59 Type II pneumococci. 

IS hours: Dead. Autopsy reveals much fibrin and some clot in fourth ventri- 
cle. Cord and base show moderate purulent exudate. Softening in posterior 
vermis. Cortex dry and injected. Abundant cloudy fluid in lateral ventricles. 
All smears show numerous pus cells, but the cocci are rare and nearly all phago- 
cvtcd, except in the lateral ventricles, where they occur free in enormous numbers 
(Fig. 5). Cultures from lateral ventricles yield confluent growth; from other 
regions a few colonics only. Slight bacteremia. 

Block is of importance in influencing the distribution of organisms, 
cspccialh- when it occurs in the cisternal region; its influence in other 
situations has not been determined, but is probably less. Its signifi- 
cance at the cistcrna is most apparent when infection passes the early 
block and invades the lateral ventricles, for it has been abundantly 
demonstrated that in the ventricles with a favorable fluid medium the 
organisms grow to an enormous extent, whereas in less favorable 
regions, base, cord, and convexity, there is some tendency to spon- 
taneous disappearance partially, at least, through phagocytosis. In 
the lateral ventricles the rapid growth of pneumococci seems to repel 
phagocytosis and it is not seen save to a minimal degree in the absence 
of immune serum. Figs. 6 and 7 are from the autopsy of a dog infected 
in the lateral ventricle. The animal died in IS hours; there was no 
blocking exudate in the cistern; the foramina of Munro may have been 
occluded and this is probable since the picture from the two lateral 
ventricles was not the same. Some organisms, however, have passed 
through into the cistern and meninges, and the smears, as is seen, are 
quite different; in one there is abundant growth and little or no phago- 
cytosis, whereas in the other — from the cistern — phagocytosis is 
marked and cocci are few. Therefore, it is apparent that even without 
block the rapid proliferation of organisms in the lateral ventricles 
fades out as the cisternal and cord regions are readied. What block 
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does is to delay lateral ventricle infection, if the block occurs early, 
and to place a barrier between a site of prolific growth and a region of 
much less active multiplication, if it occurs only after the ventricle is 
infected. Some of these cells in the astern smear (Fig. 6) are endo- 
thelial leucocytes. It is easily shown that the endothelial leucocyte 
readily phagocytes Type II pneumococci in the dog. This was par- 
ticularly apparent in the case of a dog infected in the basal region; 
the anim al developed a pneumococcus brain abscess along the needle 
track (Fig. 9). Many endothelial leucocytes were attracted to the 
softening areas at the periphery of the abscess, and all of these are 
loaded with pneumococci, many of which are fragmented. Toward 
the center of the abscess, where there are only polymorphonuclear 
leucocytes, pneumococci are abundant and there is little or no phagocy- 
tosis. When softening develops, as it may in fod in a meningeal 
exudate, endothelial leucocytes may appear at the periphery of 
softened areas and actively phagocyte pneumococri; in these rare fod 
of softening in the meningeal exudate, however, the pneumococd tend 
to disappear; they are probably injured by the mass liberation of fer- 
ments from the degenerated leucocytes. 

We have discussed the influence of the massive fibrinopurulent 
exudate in the dstema on life and on the distribution of infection. 
It is interesting to note the effect of this type of reaction in other 
regions. The very large fibrin content of the exudate tends to be 
maintained everywhere, except in the lateral ventrides, where either 
the process results in a purulent reaction, or a type resembling the 
“dissociation cytobacteriologique” common in Type I. Next to the 
dstem the penetrating vessels suffer most markedly from the character 
of the exudate. This is apparent, though by no means uniform, in 
several regions,— cord, convexity, and thalamus. We have followed 
the process by ordinary methods and by Gram-Weigert staining, and 
arc inclined from our observations to interpret it as follows: Organ- 
isms invade the penetrating vessels and their perivascular sheaths from 
the meninges. The reaction consists in marked polymorphonuclear 
leucocytic invasion of the vessel walls and an exudation of serum, 
fibrin, and leucocytes into the sheaths and surrounding parenchymatous 
tissue The reaction takes place in the vessel walls and perivascular 
sheaths in advance of detectable invasion by the pneumococd, and it 
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is possible to observe, by Gram-Weigert staining, pneumococci to a 
certain level, marked reaction somewhat deeper still, and not infre- 
quently thrombosis of the smaller branches. Fig. 13 illustrates the 
process in the deeper cord vessels; Figs. H and 15 in the thalamus; in 
the latter a smaller branch is thrombosed and resultant changes in the 
surrounding parenchyma have attracted leucocytes into the brain 
tissue. This region as yet is apparently uninfected, but when organ- 
isms finally do penetrate into the focus, they proliferate rapidly in the 
injured brain tissue and readily convert an area damaged by throm- 
bosis into a pneumococcus abscess. In tire cord region central myelitis 
is common. Vessel sheaths are early involved by the infectious proc- 
ess originating from the central canal (3) and central softening occurs; 
a similar type of lesion spreads in along vessels, penetrating from 
the meninges, and the combination destroys large portions of spinal 
cord. In the central myelitis the first organisms reach the cord tissue 
through the ependyma (Fig. 16). Once in the parenchyma they 
invade extensively between the swollen, damaged, myelinated fibers 
(Fig. 17). 

Often considerable hemorrhage is present. When this occurs, it 
is usually in the cisternal region and for a while, although our initial 
cisternal taps at the time of infection gave clear fluid, we were inclined 
to attribute it to trauma. Later, however, it was noted in other 
regions, notably choroid plexus and convexity. Fig. 10 gives some 
notion of the extreme vasodilatation one may encounter in the choroid 
plexus of the lateral ventricles. 

All of the preceding description refers to the sequences of primary 
cisternal infection. We were forced to abandon this method of inocu- 
lation because of the severity of the local reactions. Other methods 
of infection were next employed. One animal was infected in the 
lateral ventricle in the hopes that the infection would be distributed 
more gradually via the usual cerebrospinal fluid pathways, thus avoid- 
ing early severe, local reaction in the cisternal region ; the method was 
worse than useless, for not only did it fail to prevent rapid spread to 
the cistern, but in addition it placed the pneumococci immediately in 
that region in which we have determined their growth to be most 
rapid and luxuriant. Fig. 7 illustrates the condition 18 hours later 
in the lateral ventricle. Infection directly through the brain to the 
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base was attempted in several instances. It was a first impression 
that this produced a more favorable type of disease, but in reviewing 
the records this opinion scarcely' seems justified. Organisms intro- 
duced into the basal meninges do not tend to proliferate markedly 
at that site, or to spread in large numbers to the convexity. Instead 
they penetrate to the dstema and thence to lateral ventricle and cord. 
In making this statement, we cannot be certain that initial lateral 
ventricle infection has not occurred along the needle track. Our 
assertion is merely based on numbers of organisms in different 
regions. In basal infection brain abscess may occur along the needle 
track. Primary infection of the convexity produced a severe clinical 
picture with marked depression, opisthotonos, spasticity of all four 
limbs, vomiting, and respiratory difficulty within 20 hours after 
infection. Death occurred during the 2nd night; the meningitis was 
already generalized, fibrinopurulent in character, but, although death 
occurred early, organisms were exceedingly rare and largely phago- 
cyted. Death, we believe, was “reactional.” Attempts at infecting 
the animals in the lumbar meninges are best taken up with our discus- 
sion of therapy. Infection by the lumbar route spreads more slowly 
than it does by the other routes employed. 

Therapeutic Experiments. 

The method employed in treating the animals which survived long 
enough to make a therapeutic effort feasible was the same as that 
already described for the treatment of Type I meningitis (2). Studies 
of the distribution of the process made us, however, abandon direct 
serum-drug treatment of the convexity since that region, due to localiz- 
ing efforts on the part of the animal, was only rarely' involved. As we 
have stated, the lateral ventricles early become the chief reservoir of 
pneumococci; lateral ventricle punctures were therefore used rather 
extensively both for drainage and serum-optochin injections. The 
scrum employed was kindly furnished by Dr. Wadsworth, of the New 

ork State Department of Health. The following series of protocols 
arc offered as examples of therapeutic experiments. It will be readily 
noted that the possible degree of success apparent in some instances is 
negatived by the complete failure in others. Indeed, it may be stated 
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that treatment appeared without value, even when it was carried out so 
early in the course of the disease that diagnostic punctures at the time 
the treatment was initiated not only failed to reveal pneumococci in 
the fluid smears, but likewise in cultures. If success had been attained 
in such instances, it would be of little significance, since no human 
ease could possibly be diagnosed and typed at so early a period and 
the disease is one in which a few hours of progress make a profound 
difference in the picture. 

Dog «V. — Ilouncl; weight *15 kilos. November 2, 1927, 4.30 p.m., morphine; 
ether anesthesia; skull trephine; puncture through to left base; slight hemorrhage. 
Injected 3 \ million, Type II, I) 39 strain. Normal recovery. 

IS hours: Sluggish; chills; no meningeal signs. 

24 hours: Still stuporous from morphine. Jins slept all day. On disturbing, 
stands up, walks, and wags tail. 

42 hours: Apparently well. No treatment. 

66 hours: Very ill; irritable; lies prostrate on side; all extremities spastic with 
exaggerated reflexes. Lumbar and cistern puncture under ether. No fluid ob- 
tained via lumbar needle, but withdrew 1.5 cc. very thick purulent exudate of 
gelatinous consistency from cistcma. A smear showed large numbers of poly- 
morphonuclear leucocytes and pneumococci (Fig. 4). On account of the thickness 
of the exudate, no saline lavage was possible. The usual serum-optochin mixture 
was prepared (10 cc. scrum plus 0.5 cc. 1 per cent cthylhydrocuprcine hydrochlo- 
ride) and 4 cc. were injected, half in the cistcma and half in the lumbar region. 
After a few minutes rest both lateral ventricles were entered through trephine 
openings and the contents aspirated. Apparently the immune scrum injected 
into the cisternal region had already reached the lateral vcntridcs, since the abun- 
dant pneumococci were all agglutinated (Fig. S); cells were very scanty; 0.6 cc. 
serum-optochin injected in each lateral ventricle and 0.6 cc. over each convexity. 
Recover}' rate difficult to detect on account of initial prostrate condition. Placed 
in constant body temperature cage and removed to animal house after some hours. 

90 hours: Dead. Autopsy shows heavy fibrinopumlent and hemorrhagic 
exudate over cord and about cistern; exudate scanty at base, where initial infection 
was introduced. Small amount of pus in lateral ventricles. Smears from all 
regions show very numerous pus cells; cocci arc diminished in numbers (Fig. 3) 
and where numerous show agglutination. There is little evidence of stimulated 
phagocytosis. Small abscess of medullary floor (traumatic?). Beginning 
hydrocephalus. 

This animal probably had his pneumococci reduced by the treatment, 
but it is difficult to ascertain truly if this was the case. Other experi- 
ments at least throw considerable doubt into the matter. 
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Dog 9. — Hound; weight 4$ kilos. September 29, 1927, 4.20 p.m., morphine; 
ether; asternal tap; clear fluid. Injected 15 million Type II D 39. Normal 
recovery. 

18 hours: Temperature 102.7°. Stupid and refuses to stand up. Raises head 
and is irritable when touched. 

21$ hours: Ether; cistern and lumbar punctures; fluids cloudy; contain 25-30 
polymorphonudears per oil immersion field; no cocci seen in direct smear. Cul- 
tures: growth but not confluent. Lavage of 5 cc. NaCl, lumbar to cistern, with 
good return. Distributed 11 cc. serum-optochin mixture as follows: 8 cc. cord to 
cistern, 1.5 cc. frontals via trephines. Satisfactory recovery. 

44 hours: Temperature 102°. Has lost weight; condition otherwise unchanged, 
ether; lumbar and cistern punctures; fluid clearer; cells rare; many mononuclears; 
no cocci seen. Injected 5 cc. serum-optochin via cord and astern. Cultures 
negative. 

Subsequent uneventful recover},'. 

The above protocol shows the influence of treatment but only in 
a prophylactic way. At the time therapy began the case was not 
capable of being diagnosed. As we have intimated, even as a prophy- 
lactic, the serum may fail to do anything save to delay the inevitable, 
as the following example clearly demonstrates. 


Dog 10 . — Weight 5$ kilos. December 5, 1927, 4.30 p.m., ether; lumbar 
puncture; clear fluid; injected 2 million Type II pneumococci. Strain D 39. Good 
recovery. 

19 hours: Weakness in lumbar region; slight tremors in hind limbs; otherwise 
normal. 

23 hours: Unchanged. Ether; lumbar puncture; cloudy fluid; cells 15-20 per 
oil immersion field; no cocci seen. Cisternal fluid clearer; few cells and no cocci. 
Neither fluid gave a positive culture. Lavage with 10 cc. NaCl lumbar to cistern; 
return unsatisfactory, but no pressure symptoms. Injected as usual 10 cc. serum. 
(No drug was used, since without much exudate and with poor fluid return there is 
great danger.) Both lateral ventricles were entered and, after withdrawal of a 
practically negative fluid already mixed with serum, 1 cc. of additional serum was 
introduced. Lateral ventricle culture gave no growth. 

42 hours: Unchanged. No treatment. 


66 hours: No treatment. Appears well. 

7 th day : Has suddenly become very ill. Necessary to chloroform. Immediate 
autopsy. Massive, generalized meningitis; complete block at the ristema- 
hemorrhagic flecks over convexity. Every smear shows very numerous pus cells. 
Cocci arc very abundant in the lateral ventricles, numerous in the cisterna few 
at the base, and very few over the convexity and in the cord meninges. ’The 
heart's blood yields rare colonies. b 



528 


PNEUMOCOCCAL MENINGITIS. IV 


Summary: Cord infection; extensive early treatment when organisms were so 
few that they were not detected by culture, vet the fatal outcome of the disease 
was merely delayed. 

The objection may be raised (bat treatments in eases such as that 
summarized above were not systematically continued. In the absence 
of organisms in the initial cultures and smears, it would have been 
quite illogical to treat. In the following protocol the effect of repeated 
treatments is shown. 

Dos 11- — Hound; weight 6 kilos. November 21, 1927, ether; left frontal 
trephine; puncture through to base and injection of 2 million Type II pneumococci, 
Strain D 39. Normal recover,’. 

IS hours: Ataxic; irritable; able to stand. Morphine; ether; cistern and lumbar 
punctures; fair drainage; fluids opalescent, containing on smear about 25 polymor- 
phonuclears per oil immersion field; cocci very rare. Injected 3 cc. scrum-opto- 
cliin cord, 2 cc. cistern, 0.6 cc. right lateral ventricle, 1 cc. left lateral ventricle, 
and 0.5 cc. subdurally over each convexity. Some shock but recovery in 45 
minutes. Cultures positive. 

42 hours: Clinically unchanged; possibly slightly improved. Cistern and lum- 
bar punctures under ether. Fluids less cloudy; cells diminished but cocci slightly 
more numerous; they arc both free and pbagocytcd, and occur singly and in rare 
dusters of 5 or 6. Injected 4 cc. scrum-optochin cord, 1 cc. cistern, and, after 
draining, 1 cc. in each lateral ventride; smears from the ventridcs show occasional 
free cocci. Cultures yield confluent growth. 

66 hours: Unchanged except for loss of weight. Ether; cistern and lumbar 
punctures; fluid slight!}’ dearer; cells diminished; no cocci seen. Lavage with 
5 cc. scrum-optochin lumbar to cistern; lumbar needle removed and 1 cc. additional 
injected into cistern. Left lateral ventricular puncture; fluid practically dear; 
smear shows rare cells but no coed. Injected 0.5 cc. scrum-optochin. Cultures 
give slight growth. 

90 hours: Animal worse; more irritable. Ether; no dstem fluid obtained; no 
lumbar fluid. Nevertheless, 3 cc. of scrum-optochin was injected. The left 
lateral ventride was entered and 0.5 cc. of what appeared in gross as clear serum 
was withdrawn. 1 cc. scrum-optochin injected. Smears of this apparent serum 
show essentially no cells but numerous dusters of agglutinated pneumococci. 
Culture yields a confluent growth. 

114 hours: Prostrate; convulsive; very hypersensitive. Chloroformed. The 
usual autopsy findings. Massive fibrinopurulent exudate in and about cistern, 
at base, and in lateral ventrides. Cord and convexity are relatively dear. 
Smears show hundreds of leucocytes and pneumococci per oil immersion field. 
Little phagocytosis except in cord and cisternal regions. Hydrocephalus. Multi- 
ple brain abscesses along basal and lateral ventricular needle tracks. 
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In other words, systematic treatments extended over several days 
failed to cure a very slight initial infection. It undoubtedly did delay 
death. 


summary and conclusions. 

1. With properly selected strains of Type IE pneumococci, fatal 
meningitis may be produced by intrathecal infection in dogs. 

2. The pathology of the disease differs from that produced by Type 
I pneumococci, at least with the strains employed. 

3. Type II meningitis is characterized by early, very marked reac- 
tions, a very heavy fibrin exudation, and a tendency toward the rapid 
establishment of blocks. 

4. Extreme vasodilatation and hemorrhage are common. 

5. The fibrinopurulent exudate tends to involve the walls and 
perivascular sheaths of deeply penetrating vessels, thereby causing 
thrombosis. 

6. Thrombosis leads to foci of parenchymatous softening which, 
on subsequent infection, become brain abscesses. 

7. The lateral venticles are a “point of election” for the luxuriant 
growth of pneumococci. Conversely there is evidence that Type II 
organisms tend somewhat to disappear from other regions, owing 
either to spontaneous phagocytosis or to filtration into the blood 
stream. The lateral ventricles, however, continually renew the 
supply. 

8. Hydrocephalus occurs earl}- — sometimes during the 2nd day of 
the disease. 

9. Central myelitis is common and appears early in the disease. 

10. Deep nerve cell lesions with necrosis and neuronopbagia are 
encountered. Their pathology suggests a toxic source. 

11. In most cases treatment has been impossible owing to severe 
early reactions, and only as a prophylactic has optochin-serum therapy 
any real value. It delays death, but has in no instance cured estab- 
lished disease in the dog. 

12. Systemic generalization of Type II meningeal infection in the 
dog occurs, but it is rarely of sufficient extent to modify prognosis. 
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EXPLANATION' OK PLATES 

Plate 2‘1. 

FlO. 1. Lower aspect of brain. Fibrinopurulcnt exudate beneath dura, extend- 
ing over cervical cord and forward toward infundibulum. 

Fig. 2. Dog 5. Typical massive, fibrinopurulcnt exudate. Weigert stain. 
X 100. 

Plate 25. 

Fig. 3. Dog 8. Autopsy smear from cistema. Gram stain. X 1000. 

Fig. 4. Dog 8. Initial smear from cistema. Gram stain. X 1000. 

Fig. 5. Dog 7. Autopsy smear from lateral ventricle. Gram stain. X 1000. 

Fig. 6. Dog 12. Autopsy smear from cistema. Gram stain. X 1000. 

Plate 26. 

Fig. 7. Dog 12. Autopsy smear from lateral ventricle. Gram stain. X 
1000. 

Fig. 8. Dog S. Agglutination of pneumococci. Gram stain. Lateral ventric- 
ular tap. X 1000. 

Fig. 9. Needle track abscess. Dog 11. 

Fig. 10. Prehcmorrhagic dilatation of vessels of choroid plexus of lateral ventri- 
cle. Hcmatoxylin-cosin stain. X 40. 

Plate 27. 

Fig. 11. Dog 5. Spinal cord. Necrosis and early ncuronophagia of motor 
nerve cells. Hematoxylin-cosin stain. X 100. 

Fig. 12. Dog 5. Spinal cord. Leucocytic infiltration of white matter in region 
of radix dcscendcns V. Hcmatoxylin-cosin stain. X 100. 

Fig. 13. Dog 13. Spinal cord. Deep vascular lesions; polymorphonuclear 
invasion of vessel wall and serofibrinous exudation in and about vessel sheath. 
Hematoxylin-cosin stain. X 100. 

Plate 2S. 

Fig. 14. Dog 14. Thalamus. Deep perivascular lesions. Hcmatoxylin-cosin 
stain. X 20. 

Fig. 15. Same. Perivascular invasion of white matter following thrombosis. 
Hematoxylin-cosin stain. X 300. 

Fig. 16. Dog 15. Early invasion of region of commissures by pneumococci. 
Gram stain. X 1000. C = central canal of cord. 

Fig. 17. Pneumococci infiltrating between myelinated nerve fibers just outside 
a region of purulent central myelitis. Gram stain. X 1000. 
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THE PRODUCTION OF SKIN NECROSIS BY CERTAIN 
AUTOLYSATES OF PNEUMOCOCCUS 
(TYPES I AND II). 

By JULIA T. PARKER. 

( From the Department oj Pathology of the College of Physicians and Surgeons, 
Columbia University, Ncn York.) 

(Received for publication, January 20, 1928.) 

Many studies have been made on the various toxic substances ob- 
tained from pneumococci. Rosenow (1) and Cole (2) investigated the 
anaphylactic-like reactions produced in guinea pigs by the intravenous 
inoculation of autolysates of pneumococci and of the peritoneal 
exudates of animals dead of pneumococcus septicemia. The hemo- 
toxin of the pneumococcus has been studied by Cole (3), Avery (4), 
and Neill (5), and the purpura-producing principle of the autolysates 
by Julianelle and Reimann (6). The effect caused by these various 
products of the pneumococcus when injected into the skin of man and 
animals has also been studied (7). No mention, however, has been 
made of the production of skin necrosis by sterile pneumococcus prod- 
ucts, except by Zinsser (8), who was able to produce necrosis in the 
skin of large normal guinea pigs and in small guinea pigs which had 
been previously sensitized to the pneumococcus, by the intracutaneous 
inoculation of certain heat-stabile aerobically produced autolysates 
of this organism. 

When rabbits or guinea pigs are given virulent pneumococci (Type I) 
intradermally in doses so adjusted that the animals die in 24 to 48 
hours, there usually develops at the site of inoculation an area of 
greenish necrosis several cm. in diameter. Except for its greenish 
color, the appearance of such a lesion is very similar to that produced 
by the intracutaneous inoculations of the staphylococcus exotoxin (10), 
and, therefore, it seemed possible that the pneumococcus lesion might 
be caused by the same kind of poison. The experiments to be de- 
scribed deal with some investigations made to determine the nature 
of this necrotizing agent. 
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KXPKIUMKNTAL. 

The strain of Pneumococcus I used in this work was isolated in 
November, 1921, from the blood of a patient with lobar pneumonia 
at the Presbyterian Hospital. Since then it has been passed through 
rabbits or guinea pigs at least once in every 2 weeks and is now of such 
virulence that 1-10,000,000 cc. regularly kills rabbits. In mice the 
lethal dose is 1-1,000.000 cc. No higher dilutions were tried. 

Numerous preliminary experiments were conducted to find out 
whether the necrotizing toxin could be obtained from filtrates of 
various aerobic and anaerobic broth cultures, exudates, and the 
expressed fluids of organs and tissues of rabbits and guinea pigs which 
had died of pneumococcus infection, but the results were uniformly 
negative. 

We next began a study of the autolysates of pneumococci for the 
presence of this hypothetical necrotizing poison. In general, the 
method used was to take up the sedimented pneumococci from well 
centrifuged broth cultures in saline solution, pneumococcus broth, or 
other fluid, and to allow the suspensions to autolyze, with and without 
a vaseline seal, at room temperature for different periods of time. 
It was soon observed that a slight necrotizing action was sometimes 
obtained with the preparations sealed with vaseline, while the prepara- 
tions kept without the vaseline seal never possessed this property. 
From this we inferred that the poison either was formed only in the 
absence of oxygen, or if formed, was destroyed by oxidation. Various 
methods of protecting preparations from oxidation were tried, with 
methylene blue as an indicator. It was found that tire addition of 
sodium hydrosulfitc (5), a reducing agent, interfered with the forma- 
tion of the poison; and that the addition of other reducing agents, such 
as cysteine (9), live B. coJi, or yeast, was of no apparent advantage in 
obtaining an active autolysate. Below I have described in some 
detail the method which is now being used for the preparation of this 
toxin. 

Preparation of the Necrotizing Poison. 

The pneumococci are grown on double strength veal infusion broth containing 
4 per cent Witte peptone and 0.5 per cent salt. Flasks are filled nearly to the top 
with the medium which has been brought to a pH of 7.S. The medium is sterilized 
in the Arnold sterilizer by the intermittent method. 



JULIA T. PARKER 


533 


Each flask containing 200 cc. was inoculated with 1 large loopful of blood from 
the heart of a guinea pig or rabbit which had died of a pneumococcus infection. 
After 18 to 24 hours in the incubator, the broth cultures were chilled and then 
centrifuged at high speed. After centrifuging, they were chilled, the supernatant 
fluid poured off carefully, and the pneumococci taken up in a quantity of freshly 
boiled and chilled broth equal to that of the sediment with the small amount of 
supernatant fluid remaining. For pneumococcus sediment from 100 cc. of broth 
culture, there should be in all approximately 1.5 cc. of fluid. The pH of the 
pneumococcus suspensions is brought to 7 or 7.2 and cultures taken to make sure 
that only pneumococci are present in the preparation. The pneumococcus sus- 
pension is distributed into narrow test-tubes, which are then chilled for at least 
30 minutes. After this, any bubbles present on the surface of the suspension are 
gotten rid of with a hot platinum loop and heavy vaseline seals added to all the 
tubes. The tubes are left at room temperature in the dark at 22-24°C. for 6 to 8 
days and then placed in the ice box until used. Immediately before use, the 
autolysates are centrifuged, iced, the seals opened, and the clear supernatant fluid 
filtered through a well iced Berkefeld apparatus. This filtrate contains the 
necrotizing poison. It is necessary to keep the preparations chilled when they 
are exposed to the air, otherwise they become oxidized and the toxicity disappears. 

Young guinea pigs weighing from 250 to 350 gm. were inoculated 
intradermally on the side with 0.1 cc. of sterile pneumococcus necro- 
tizing poisons. The reaction to the intracutaneous inoculation in 
these animals is as follows: 10 to 30 minutes after the inoculation, a 
small purplish area, which gradually increases in size, appears at the 
site of inoculation. With strong poisons, this area covers a zone of 
2 to 3 cm. in diameter within 2 to 4 hours. At this time the area 
usually appears purplish black, with an encircling border which is 
bright red in color and which appears to be hemorrhagic. 18 to 24 
hours after the inoculation, the central purple zone has become 
definitely yellowish and necrotic. Several days later, this necrotic 
area has become a brown scab. 

Properties of the Necrotizing Poison. 

When filtration of an active autolysate is carried out rapidly 
through a new X or V Berkefeld filter, with every precaution taken to 
have the apparatus and autolysate well chilled, there is practically no 
loss of its activity. Such a filtrate will remain active for several 
weeks if it is scaled with vaseline immediately after filtration and 
preserved in the ice box. If opened, even when kept packed in ice, 
it quickly deteriorates. 
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The necrosis-producing principle of an autolysate is completely de- 
stroyed when heated under vaseline seal at 6 (PC. for 5 minutes. Under 
these conditions, with a pH of 6.8 to 7, there is usually a slight clouding 
of the filtrate. 

Arc the Pneumococcus Hemotoxin and Necrotizing Poisons Related? 

There is no doubt that our necrotizing autolysates contain other 
pneumococcus products such as the poison which produced the 
anaphvlactic-likc symptoms, the hemotoxin, and the purpura- 
producing principle. Is. then, the necrotizing toxin identical with 
one of these previously recognized poisonous substances which has 
been demonstrated by other methods? Apparently, the only toxic 
product of the pneumococcus which need concern us is the hemotoxin 
which, as regards thermolabilitv, sensitiveness to oxidation, and 
ability to be neutralized by immune scrum prepared against it, 
appears to be very similar to the necrosis-producing poison. During 
the course of this work we have titrated many of our autolysates 
for the presence of the hemotoxin, and have found, as would be 
expected, that they always contained more or less of the hemolytic 
substance, but there was no parallelism between the amount of 
hemotoxin and of the necrotizing substances present in an autolysate. 
Moreover, the extracts produced by the freezing and thawing method 
of Cole and Avery, while rich in hemotoxin, contained little or no 
necrotic activity. Furthermore, we have been able to separate the 
hemotoxic and necrotizing substances by treating the autolysate with 
the red cells of rabbits or guinea pigs. By this procedure the hemo- 
toxin is entirely removed by the red cells, while the necrotizing poison 
remains unaffected in the supernatant fluid. These last experiments 
seem to prove conclusively that the hemotoxin and necrotizing poison 
are different entities. An experiment showing the selective adsorption 
of the hemotoxin is described below. 

This autolysate caused complete hemolysisof 2.5 cc. of a 1 per cent suspension of 
washed rabbit red cells in a dilution of 1-200 andSOper cent hemolysis in a dilution 
of 1-1000. 0.4 cc. of washed rabbit red cells was thoroughly mixed with 2 cc. 
of chilled necrotizing filtrate. The mixture was allowed to stand for 4 minutes 
at 2°C. and then centrifuged at high speed for 5 minutes, care being taken to have 
ice water in the centrifuge cups. After centrifuging, the cold clear slightly green- 
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ish supernatant fluid was pipetted ofi and used along with the original filtrate in 
the tests for hemotoxin. Table I shows the results of this experiment. 


That the hemotoxin was removed by a specific combination with the 
red cells was proved by washing the centrifuged red cells in cold salt 
solution and resuspending them in warm salt solution. Hemolysis 
of the red cells took place promptly. 

Very recently, by a slightly different method, Neill and Fleming 
(11) have also been able to completely remove the hemotoxin from 
pneumococcus extracts by adsorption with red cells. 


Antigenic Properties of the Necrosis-Producing Principle. 

Three rabbits were injected intracutaneously at weekly intervals with 1 cc. doses 
of sterile necrotizing filtrates from Pneumococcus I. Six injections were given 


TABLE I. 

Action of Hcmoloxin-Frce Autolysate. 


Autolysate 

Hemotoxic action 

Necrotir-ns action 

Before adsorption 

After adsorption 

Before adsorption 

After adsorption 

0.1 cc. 

0.02 cc. 

-r+++ 

o 

0 

++++ 

J — ! — -L_ 

-i- 


in all. The last two inoculations caused no reaction at the sites of injection. The 
rabbits were bled 10 days after the last inoculation and their serums titrated for 
the presence of neutralizing antibodies. 

These tests were carried out as follows: 0.9 cc. of a well chilled necrotizing 
filtrate was placed in each of three narrow test-tubes. To the first tube was 
added 0.1 cc. of the antiserum; to the second tube 0.1 cc. of normal rabbit serum; 
and to the third the same amount of broth. The contents of the tubes were well 
mixed, and a heavy vaseline seal was then added to each tube. After standing 
at room temperature for 1 hour, the tubes were again chilled, the vaseline s eal s 
removed, and the preparations in amounts of 0.1 cc. were injected intracutaneously 
into a small guinea pig. The results arc summarized in Table n. 

Numerous similar experiments have been made, and it has been 
found that our immune scrum in dilution of 1-10 neutralized the ne- 
crotizing poison, whereas normal rabbit scrum in the same dilution had 
no detoxicating effect. The immune serum diluted 1-20 only par- 
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tially neutralized (lie toxin. Occasionally slight inactivation occurred 
with normal serums diluted 1 5. 

These experiments seem to show (hat the immunization of rabbits 
with necrotizing filtrates causes the production of neutralizing anti- 
bodies. Interpretation of these results, however, is complicated by 
the fact that considerable cloudiness develops in the mixtures of 
immune serum and toxin, probably due to the action of the antiprotein 
precipitin?, which the antiserums contain, on the pneumococcus 
protein which is present in the filtrates. From these experiments alone, 
il would he impossible to say whether the neutralization of the necro- 
tizing poison by this immune scrum is really a neutralization, or 
whether the active substance is merely carried down with the pre- 
cipitated particles of protein. The same criticism applies to our ex- 
periments with Pneumococcus II autolysates as described below. 


TAW.K II. 


Dilution of norms! mum 

Reaction on truines pip 

Dilution of Tyjvr I icrum i 

Reaction on puir.es pip 

1-5 

+ + 

1-5 

0 

1-10 | 


1-10 

0 

1-20 


1-20 

— - "• 


Is the Necrosis-Producing Principle Type-Specific or Spccics-Spccific? 

It is of considerable interest to know if the necrotizing autolysates 
prepared from other types of pneumococci can be neutralized by the 
serums produced against our preparations from Pneumococcus I. 
To investigate this point, we tested the neutralizing action of our 
Pneumococcus I antiserum against the necrotizing autolysates pre- 
pared from a Pneumococcus II strain which was isolated in October, 
1927, from the blood of a patient with pneumonia at the Presbyterian 
Hospital. It was found that the Type I antinecrotizing serums in 
dilutions of 1-10 completely neutralized the Type II poison. 

[;; As far as they go, these experiments appear to indicate that the 
necrotizing principles of Pneumococcus I or II are antigenicahy 
similar and are probably, therefore, like the pneumococcus hemotorrin, 
species- and not type-specific. 
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CONCLUSION'S. 

1. Certain pneumococcus autolysates produce necrosis when 
injected into the skin of guinea pigs. 

2. The necrosis-producing principle can be filtered through a 
Berkefeld N filter, is extremely thermolabile, and is very sensitive 
to oxidation. 

3. The necrotizing poison can be separated from the pneumococcus 
hemotoxin by adsorption with red cells. This removes the hemotoxin 
and leaves the necrosis-producing principle unaffected. 

4. The necrotizing substances obtained from Pneumococcus Types 
I and XI are neutralized by the antiserum prepared with Pneumo- 
coccus I. 
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A study of calcium and inorganic phosphorus in the blood of rabbits 
-was undertaken by us as a phase of a more comprehensive investiga- 
tion of the problem of constitutional factors in relation to the occur- 
rence and course of disease, with especial reference to the influence of 
environmental conditions (1). In extending this investigation to 
chemical constituents of the blood, it seemed desirable to begin with 
substances which are supposed to maintain some kind of equilibrium 
and for which quantitative methods have been developed that would 
permit of a systematic study in large series of animals or over long 
periods of time. 

Calcium and inorganic phosphorus appeared to meet these funda- 
mental requirements. Moreover, the work of Grant and Gates (2) 
indicated that the amounts of these substances in the blood of rabbits 
arc subject to spontaneous (seasonal) variation, and hence, that they 
may be affected by environmental conditions — a supposition that is 
also supported by recent studies of rickets. There was the additional 
possibility that a relation might be found between the variations in 
calcium and inorganic phosphorus and the susceptibility of animals to 
disease, since organs concerned in regulating the concentration of these 
substances in the blood frequently show marked changes in the reac- 
tion to disease. This is especially true of the two diseases (syphilis 
and malignant disease) which have been used as the basis of our studv 
of the influence of constitutional factors. 

1 he experiments that have been carried out are divisible into two 
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groups: first, those dealing with conditions that obtain in normal 
rabbits, and, second, those concerned with animals inoculated with 
Treponema pallidum or a malignant tumor, 'Hie results obtained for 
normal animals will be reported first . The present paper will he 
limited to a consideration of mean normal values, and deviations from 
such values /or calcium and inorganic phosphorus; in the blood of 
rabbits as determined bv repeated examinations of A groups of animals 
over periods of from 16 to 32 week*;. 7n subsequent papers, these 
basic results will be compared with other results from the point of 
view of the. various factors inherent in the animal material or of an 
environmental (experimental) nature which may affect the calcium 
and inorganic phosphorus content of the blood in a given case. 

Material and Methods. 

There were several important considerations which governed the conduct of 
these experiments. In the first place, an effort was made to obtain a fair sample 
of the animal material available for experimental purposes, and the animals were 
caged and cared for in the usual manner. In the second place, the period of 
observation and the interval at which blood examinations were made were de- 
termined with reference to other experiments, while groups of animals were dis- 
tributed so as to cover as long a period of time as possible. 

The results reported below are based on examinations of 4 groups of male 
rabbits, most of which were 6 to S months old at the beginning of the experiments; 
a few were older, and a few others may have been a month or G weeks younger. 
The period covered by the investigation was from October S, 1926, to July 1, 1927, 
inclusive. While under observation, the animals were caged separately and kept 
in well lighted, veil ventilated rooms which were heated during the colder weather. 
The diet consisted of hay, oats and cabbage. 

Group I . — 10 rabbits, 5 white and 5 black. Between October S, 1926, and 
May IS, 1927, the blood of these animals was examined at weekly or biweekly 
intervals. 

Group II . — 5 rabbits, gray, brown or black. These animals came from the same 
stocks as those of Group I and were placed under observation at the same time, 
but no blood examinations were made until December 1, 1926, or until they had 
been caged and under observation for approximately 2 months. Blood analyses on 
these animals were made at somewhat irregular intervals, but, for the most part, 
they paralleled those of Group I. The period covered was from December 1, 1926, 
to JuneS, 1927. 

Group III . — 10 rabbits, grays and browns. These animals were slightly 
younger than those of Groups I and II. Biweekly examinations were made from 
January’- 14 to July’ 1, 1927. 

Group IV . — 11 rabbits, browns and grays. Most of these animals were still 
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younger than those of Group HI. From March 11 to May 13 examinations-were 
made at weekly intervals and biweekly from May 13 to July 1, 1927. 

The observations made on the 4 groups of rabbits may be summarized as follows: 


Group ■ 

Observation period 

Group 

determine tioa3 

Individual 

determinations 

i 

Oct. 8 to Slay 18 

22 

216 

ii 

Dec. 1 to June 8 

17 

85 

in 

Jan. 14 to July 1 

15 

143 

IV 

Mar. 11 to July 1 

15 

153 

Combined 

Oct. 8 to July 1 

69 

597 


Determinations of calcium and inorganic phosphorus were made on the blood 
serum according to the methods of Kramer and Tisdall (3) and of Tisdall (4) 
respectively. 

At first, the procedure followed was somewhat irregular with respect to the 
disposition of the blood after it was drawn and the interval of time between 
bleeding and analysis. In some instances, the blood was permitted to stand at 
room temperature for several hours, or until there was a well defined separation 
of serum and dot, and then transferred to the ice box until the following morning 
when the analyses were made. It thus happened that an interval of 12 to 18 hours 
elapsed beta ccn bleeding and analysis. 

After the fust few weeks, however, a uniform procedure was adopted. On the 
day preceding examination, animals were fed as usual in the afternoon and were 
bled early the following morning before they had received any additional food. 
S cc. of blood was drawn from a marginal car vein into a graduated centrifuge 
tube and permitted to dot at room temperature. The dot was separated from 
the wall of the tube and as soon as sufficient scrum was expressed, the blood was 
centrifuged and analysis commenced at once. The time between the bleeding and 
analysis was thus reduced to 1 to 2 hours, and the use of the ice box was 
eliminated. 

In order to expedite the work, and as a precautionary measure in the case of 
syphilitic animals, the scrum was measured with a 1 cc. tuberculin syringe gradu- 
ated to 0.01 cc. instead of a pipette. The syringes were fitted with 18-20 gauge 
needles and their accuracy was carefully controlled. As far as possible, the 
v.orl: was fo arranged that a given procedure was always performed by the same 
person; all titrations and all colorimetric readings were made bv one person 
(Howard). 

The results given represent determinations of calcium and phosphorus on the 
same samples of blood. Numerous determinations were made in duplicate to 
control the experimental error in the methods as carried out. In such cases, the 
mean \ alue of the determinations was recorded and used as a single determination 
in the rccy.ts to 1c reported. The mean error for duplicate determinations of 
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calcium and inorganic phosphorus was approximately 0.2 mg, per 100 cc. of 
scrum, or about 1.25 per cent and *1.50 per cent of the respect ivc mean values. 

In addition to the primary values for calcium and inorganic phosphorus, we 
have computed values for the sum and product of the two substances, the ratio of 
calcium to inorganic phosphorus, and of the product to the sum, and for the sum 
of these two ratios, 

The results arc presented in the form of tabulated summaries (Tables 
I to XV) and a scries of text-figures (Text-figs. 1 to 7). Values are 
given in Tables I to XV for individual groups of animals and for the 
4 groups combined. The combined values do not represent means, 
but are obtained by actual combination of all observations. It will 
be noted that a few of the higher values given in the distribution tables 
arc not recorded in the text-figures. 

RESULTS, 

As the purpose of this paper is to give a general idea of the calcium 
and inorganic phosphorus content of rabbits’ blood, under certain 
prescribed conditions, it seems unnecessary’ to record the details of 
individual examinations. The results are reported, therefore, in the 
form of tabulated summaries (Tables I to XV) supplemented by a 
scries of graphs (Text-figs. 1 to 7). 



Mg per 100 cc 

Text-Fig. 1. 



WADE H. BROWN 


543 


TABLE I. 
Calcium. 


Group 

Number of 
observations 

Mean 

Minimum 

Maximum 

Standard 

deviation 

CoeSaent 

of 

variation 



rtg. ptr 100 cc- 

mg. 

nr. 

nr* 

ftreent 

i 

219 

15.3iO.Q6 

u.i 

21.2 

1.30 

8.S0 

ii 

85 

15.5±0.10 

12.6 

22. S 

1.38 

8.90 

m 

143 

15.7i0.07 

13.4 

19.7 

1.17 

7.45 

IV 

154 

15.8i0.06 

13.8 

18.9 

1.12 

7.09 

Combined 

601 

15.6i0.03 

11.1 

22.8 

1.25 

8.01 


TABLE II. 


Distribution of Values for Calcium. 


Mg. per 100 cc. 

Group I 

Group II 

Group III 

Group IV 

Combined 

11.0-11.4 

i 




i 

11.5-11.9 

12.0-12.4 

i 




i 

12.5-12.9 


2 



8 

13.0-13.4 


1 

2 


13 

13.5-13.9 

'(X 

3 

5 

i 

21 

14.0-14.4 

si 

7 

11 

17 

53 

14.5-14.9 


13 

17 

21 

75 

15.0-15.4 


25 

32 

28 

125 

15.5-15.9 


7 

22 

20 

90 

16.0-16.4 

35 

9 

21 

25 

90 

16.5-16.9 

12 

8 

12 

15 

47 

17.0-17.4 


5 

t 

12 

34 

17.5-17.9 

4 

2 

11 

7 

24 

18.0-18.4 

2 

1 


6 

9 

18.5-18.9 

19.0-19.4 

2 

1 

2 

2 

7 

19.5- 19.9 

20.0- 20.4 

20.5- 20.9 

21.0- 21.4 

21.5- 21.9 

1 


1 


i 


i 

22 0-22.4 
22.5-22.9 


1 



i 

Ob'crvatians 

210 

S3 

143 

154 

601 
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TABLE m. 


Inorganic Phosphorus. 


Group 

Number o! 
observations 

Mean 

Minimum 

Maximum 

Standard 

deviation 

Cocfiident 
of ^ 

variation 



ng. fer 100 cc. 

ng. 

ng. 

ng- 

percent 

i 


4.25=0.03 

2.60 

6.74 

0.68 

16.00 

n 


4.11±0.04 

2.95 

5.77 

0.51 

12.41 

HI 

143 1 2 * * * * * 8 

4.67i0.04 

2.64 

6.76 

0.73 

16.06 

IV 

153 

4.96i0.04 

3.59 

7.50 

0.80 

16.13 

Combined 

597 

4.51i0.02 

2.60 

7.50 

0.78 

17.29 


TABLE TV. 


Distribution of Values for Inorganic Phosphorus. 


Mg. per 100 cc 

Group I 

Group II 

Group III 

Group IV 

2.50-2.74 

2 


i 


2.75-2.99 

1 

i 



3.00-3.24 

7 


2 


3.25-3.49 

15 

gan 

5 


3.50-3.74 



10 

5 

3.75-3.99 



7 

8 

4.00-4.24 

33 

17 

a 


4.25-4.49 

27 

13 

18 

I 

4.50-4.74 

27 


29 


4.75-4.99 

16 


16 


5 00-5.24 

15 


13 

22 

5 25-5.49 

9 

1 

12 

14 

5 50-5.74 

4 


6 

11 

5.75-5 99 

3 

1 

4 

4 

6 00-6.24 



s 

8 

6 25-6 49 

1 




6 50-6 74 

1 




6 75-6 99 



1 

1 

7 00-7 24 




1 

7 25-7 49 





7 50-7.74 




i 

Ob'ervalions 

216 

85 

143 

S 153 


Combined 


3 

2 
9 

28 

46 

67 

78 

74 

90 

45 

54 

36 

21 

12 

16 

8 

4 
2 
1 

1 


397 
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Text-Fig. 3 
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TABLE V. 


Sum of Calcium and Inorganic Phosphorus. 


Group 

Number of 
observations 

Mean 

Minimum 

M^rimum 

Standard 

deviation 

CoeSdent 

of. 

variation 

— 



m 

25.81 

1.31 

*zt cml 

6.68 






1.53 

7.77 


143 


17.50 

23.90 

1.11 

5.44 

IV 

153 


18.30 

23.60 


4.86 

Combined 

597 

20.1±0.04 

15.51 

27.50 

1.29 

6.42 


TABLE VI. 


Distribution of Values for the Sum of Calcium and Inorganic Phosphorus. 


Sum values 

Group I 

Group II 

Group ni 

Group IV 

Combined 

15.5-15.9 

i 




i 

16.0-16.4 

i 

i 



2 

16.5-16.9 

2 

2 



4 

17.0-17.4 

4 

1 



5 

17.5-17.9 

14 

3 

3 


20 

18.0-18.4 

14 

7 


2 

23 

18.5-18.9 

24 

11 

5 

5 

45 

19.0-19.4 

40 

18 

16 

6 

80 

19.5-19.9 

34 

8 

31 

15 

8S 

20.0-20.4 

32 

13 

29 

29 

103 

20.5-20.9 

23 

8 

25 

32 

88 

21.0-21.4 

11 

4 

12 

23 

50 

21.5-21.9 

7 

6 

11 

21 

45 

22.0-22.4 

5 

1 

5 


21 

22.S-22.9 

3 

1 

2 


13 

23.0-23.4 



1 


3 

23.5-23.9 



3 

i 


24.0-24.4 






25.5-25.9 

1 




I 

27 5-27 9 


1 



1 

Oliservations 

216 

85 

143 

153 

597 
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TABLE vrr. 


Product of Calcium and Inorganic Phosphorus. 


Group 

Number of 
observations 

Mean 

Minimum 

Maximum 

Standard 

deviation 

! 

1 CbeSdont 
of 

variation 

i 

216 

65.3i0.5 

40.3 

99.8 

RH 

percent 

15.93 

ii 

85 

64.0i0.8 

43.5 

10S.1 



in 

143 

73.0=0.6 

45.2 

107.9 

■si 


IV 

153 

78.1=0.6 

55.9 

113.9 

10.8 

13.83 

Combined 

597 

70.2±0.3 

40.3 

113.9 

12.0 

17.09 


TABLE vm. 


Distribution of Values for the Product of Calcium and Inorganic Phosphorus. 


Product values 

Group I 

Group n 

Group in 

Group IV 

Combined 

40- 44 


3 



6 

45- 49 



2 


12 

50- 54 


13 

6 


39 

55- 59 


19 

10 

4 

71 

60- 64 


15 

n 

11 

74 

65- 69 


15 

22 

20 

101 

70- 74 

31 

8 

35 

26 

100 

75- 79 

15 

1 6 

22 

30 

73 

E0- 84 

S 

3 

21 

22 

54 

85- 89 

5 

2 

7 

18 

32 

90- 94 

2 


3 

11 

16 

95- 99 

3 


1 


11 

100-104 



2 

2 

4 

105-109 


1 

1 

1 


110-114 




i 

i 

Observations 

j 216 

85 


153 

597 
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TABLE IX. 

Ratio of Calcium to Inorganic Phosphorus. 


Group 

Number of 
observations 

Mean 

Minimum 

Maximum 

Standard 

deviation 

CoefSdent 

of. 

variation 

i 


i 

3.70±0.03 

2.16 

6.37 

H 

fer cent 

19.73 

n 


3.83±0.04 

2.66 

5.00 


13.84 

in 


3.47±0.04 

2.19 

6.48 

0.74 

21.33 

IV 

153 

3. 30 ±0.04 

2.03 

4.71 

0.65 1 

19.70 

Combined 

597 

3.57±0.02 

2.03 

6.48 

0.72 

20.17 


TABLE X. 


Distribution of Values for the Ratio of Calcium to Inorganic Phosphorus. 


Ratio values 

Group I 

Creep II 

Group m 

Group IV 

Combined 

2.00-2.24 

2 


i 

6 

9 

2.25-2.49 

5 


7 

16 

28 

2.50-2.74 

15 

1 

16 

11 

43 

2.75-2.99 

21 

2 

14 

25 

62 

3.00-3.24 

23 

7 

21 

23 

74 

3.25-3.49 

24 

14 

26 

9 

73 

3.50-3.74 

22 

11 

18 

23 

74 

3.75-3.99 

25 

19 

9 

15 

68 

4.00-4.24 

26 

13 

7 

16 

62 

4.25-4.49 

21 

8 

8 

1 

38 

4.50-4.74 

17 

3 

8 

8 

36 

4.75-4.99 

8 

6 

5 


19 

5.00-5.24 

3 

1 



4 

5.25-5.49 

3 


1 


4 

5.50-5.74 

5.75-5.99 



1 


1 

6.00-6.24 

6.25-6.49 

1 


1 


2 

Observations 

216 

S5 

143 

153 

597 
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TABLE XI. 


Ratio of Product to the Sum of Calcium and Inorganic Phosphorus. 


Group 

Number of 
observations 

Mean 

Minimum 

Maximum 

Standard 

deviation 

Coefficient 

of 

variation 

i 


3.32±0.02 

2.25 

4.63 

0.39 


n 


3.24±0.02 

2.46 

4.19 

0.33 


m 

143 

3.58±0.02 

2.29 

4.68 

0.40 


IV 

153 

3.75±0.02 

2.96 

5.02 

0.42 


Combined 

597 

3.47~ 0.01 

2.25 

5.02 

0.44 

12.68 


TABLE XU. 


Distribution of Values for the Ratio of the Product to the Sum of Calcium and 
Inorganic Phosphorus. 


Ratio values 

Group I 

Group n 

Group HI 

Group IV 

Combined 

2.25-2.49 

3 

1 

i 


5 

2.50-2.74 

13 

4 

3 


20 

2.75-2.99 

24 

17 

12 

3 

56 

3 00-3.24 

54 

27 

ISEH 

16 

10S 

3.25-3.49 

58 

IS 


27 

134 

3 50-3.74 

31 

11 


33 

115 

3 75-3.99 

22 

5 


31 

79 

4.00-4.24 

8 1 

2 


21 

47 

4 25-1.49 

2 


.11 

15 

23 

4.50-1.74 

V 



5 

8 

4.75-4.99 




1 

1 

5 00-5.24 



BHH 

1 

1 

Observations 

216 

85 

143 

153 

597 
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TABLE XIH. 

Sum of the Ratios of Calcium to Inorganic Phosphorus and of the Product 

to the Sum. 


Group 

Number of 
observations 

Mena 

Minimum 

Maaistna 

Standard 

deviation 

Coefndent 

of 

variation 

i 

216 

7.02±0.02 

5.68 

8.62 

0.45 

ter cent 

6.41 

ii 

85 

7.07±0.03 

6.1 1 

8.74 i 

0.41 

5.80 

in 

143 

7.05i:0.02 

6.32 

8.77 

0.41 

5.82 

IV 

153 

7.05±0.02 

6.49 

7.85 

0.33 

4.68 

Combined 

597 

7. 04±0.01 

5.6S 

8.77 

0.40 

5.68 


TABLE XIV. 


Distribution of Values for the Sum of the Ratios of Calcium to 
Inorganic Phosphorus and of the Product to the Sum of the 
Two Substances. 


Sura values 

Group I 

Group II 

G.-oop IB 

Group IV 

Combined 

5.50-5.74 

i 




i 

5.75-5.99 

i 




i 

6.00-6.24 

10 

2 



12 

6.25-6.49 

15 


7 

2 

24 

6.50-6.74 

32 

12 

29 

32 

105 

6.75-6.99 


26 

44 

52 

162 

7.00-7.24 

! w 

20 

21 

25 

121 

7.25-7.49 

31 1 

13 

i 20 

20 

S3 

7.50-7.74 

20 

7 ! 


18 

60 

7.75-7.99 

S 

4 


4 

19 

8.00-8.24 

2 




4 

8.25-8.49 

1 




2 

8.50-8.74 

1 

1 



2 

S.7S-S.99 





1 

Observations 

216 

85 

143 

153 

597 
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TAI1I.K XV. 
Summary of Remits. 
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Mte. 
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i 

I 

10 

216 

32 

15.3 

•1.25 

10.6 

65.3 

3.70 

3.32 

7.02 

II 

5 

85 

27 

15.5 

■1.11 

10.7 

61.0 

3.83 

3.2-1 

7.07 

III 

10 

M3 

25 

15.7 

! -1.67 

ESI 

73.0 

i 3. -17 

3.58 

Ha 

IV 

11 

153 

16 

15.8 

•1.06 

mm 

78. 1 

! 3.30 

3.75 

m 

Combined 

36 


m 



20.1 


3.57 

3.47 

7.04 


DISCUSSION AND CONCLUSIONS. 

It will be seen at once that the mean values obtained for calcium are 
higher than most of those recorded in the literature, and that the values 
for inorganic phosphorus are perhaps lower. It is well to bear in mind, 
however, that the significance that may be attached to any series of 
determinations of calcium and inorganic phosphorus in the blood of 
animals depends largely upon the conditions under which the deter- 
minations are made. As is well known, there are many factors that 
may affect the values obtained, including inherent differences in the 
animal material and the method of analysis used as well as the particu- 
lar procedure employed in carrying out a given method. Wien all 
other conditions are uniform, irregularities in the handling of the blood 
after it is drawn will give rise to surprisingly large differences in the 
results for both calcium and inorganic phosphorus, as permitting blood 
to stand tends to decrease calcium values and to increase those for 
inorganic phosphorus. 

It seems desirable, therefore, to emphasize the fact that the results 
recorded above are to be viewed as results obtained under certain 
definitely prescribed conditions which differ in several important 
respects from those governing determinations made by other workers 
in this field. Moreover, it is to be noted that the conditions varied 
to some extent with each of the 4 groups of animals comprising this 
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series. For example, there was a small but definite age difference. 
The animals of Groups I and II were older and more mature than those 
of Groups m and IV at the beginning of the experiments, and this 
initial difference was increased by the extension of the experiments on 
Groups I and If over a longer period of time, so that the observations 
made on these animals not only included data for a more advanced 
age, but represented a mean age considerably above that of the obser- 
vations made on the animals of Groups m and IV. There was a 
similar difference of experimental conditions between Groups ULl and 
IV, while the observations on Group II differed from those on Group I 
in that no blood analyses were made on the animals of Group II for 
2 months after they were placed under observation. 

These particular features of the experiments are mentioned because 
an examination of the text-figures will show that a line of cleavage 
between Groups I and II on the one hand, and HI and IV on the 
other, is traceable through all of the distribution curves and to some 
extent in the tabulated results. With the combined values as the 
axis of distribution, Groups I and II invariably hang together, or 
swing to one side, while Groups HE and IV swing to the other. More- 
over, the extreme positions are usually represented by Groups II 
and IV. 

Whether these peculiarities of the results are in reality attributable 
to the conditions mentioned or to some other cause, such as the length 
of cage life (2), or the particular period covered by the observations, 
the suggested relation is sufficient to indicate the extent to which even 
slight differences in experimental conditions may affect the results 
obtained for blood calcium and inorganic phosphorus. 

The values obtained for calcium may be regarded as showing a 
fairly close agreement (Tables I and II and Text-fig. 1). The extreme 
difference between the means for the 4 groups of animals is only 0.5 
mg. or approximately 3.00 per cent of the mean for the combined 
groups. Still, the small absolute difference between the means for 
Groups I and IV is nearly 6 times its probable error and. hence, cannot 
be disregarded. 

The most important feature of these results is, however, the range 
of normal variation. The distribution curves (Text-fig. 1) show a 
remarkably close agreement in the frequency with which values of a 
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Riven magnitude occurred and an unusually symmetrical distribution 
of all values. 'Mu* coefii(ients of variation are comparatively small 
(7.09 to 8.9 per cent), but values anywhere between 1-1.0 and 16.0 mg. 
of calcium per 100 cc. of serum occurred with great frequency, while 
figures as low as 13.5 or as high as 17.5 mg. (Table II) were by no 
means rare; and the extreme limits of observation indicate a potential 
difference in the calcium content of the blood of normal rabbits of as 
much as 100 per cent. 

Inorganic phosphorus was found to be subject to much wider varia- 
tion than calcium ('Fables III and IV and Text-fig. 2). The coefficient 
of variation is approximately twice that for calcium (17.29 and S.01 
respectively), while the group means for phosphorus show a difference 
of 0.S5 mg. per 100 cc. of serum. 'Phis difference is small in absolute 
value, but is nearly 20.0 per cent of the mean for all groups and is 15 
times its probable error. It is safe to assume, therefore, that the 
values obtained indicate an actual difference in the inorganic phospho- 
rus in the blood of the several groups of animals. 

This conclusion is borne out by the distribution frequencies (Table 
IV and Text-fig. 2) which show that the values obtained for Groups 
I and II lie at a distinctly lower level than those for Groups III and 
IV; the dillcrcncc between modal classes is. in fact, of the same order 
as that shown by the means. 

The limits of probable variation as determined by the standard 
deviation of the combined results are 3.73 and 5.29 mg. per 100 cc. of 
serum, but one-third of all values lie outside of these limits, while the 
extreme limits of normal arc sufficiently wide to include values that 
may differ by as much as 200.0 or even 300.0 per cent. 

From the values obtained for calcium and inorganic phosphorus, the 
relation existing between the two substances may be measured in a 
number of ways. The ratio of the calcium to the phosphorus and the 
product of the amounts of the two substances have received the 
greatest attention. In addition to these values, we have computed 
values for the sum and for the ratio of the product to the sum, and also 
for the sum of the calcium-phophorus ratio and the product-sum ratio. 

The value for the sum of the calcium and inorganic phosphorus in 
the serum is determined largely b3 r the calcium, but as it is also affected 
by the phosphorus, one might expect that the constancy of the value 
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as compared with that of calcium would be diminished unless the 
variations in the two substances were so related as to neutralize each 
other. As is well known, there is an apparent tendency- in this direc- 
tion and in these experiments it was found that on the whole the values 
for the sum showed less variation (coefficients 6.42 and 8.01 per cent) 
and were more uniformly distributed than those for calcium (Tables 
V and VI and Text-fig. 3). It is true that differences between groups 
were distinctlv greater than in the case of calcium, but the agreement 
is sufficiently close to give evidence of a tendency to the maintenance 
of an inverse relation between serum calcium and inorganic phosphorus. 

Values for the product of calcium and inorganic phosphorus empha- 
size the phosphorus factor rather than the calcium, reversing the con- 
ditions that obtain in the case of the sum. A consideration of the 
product values given in Tables VH and V3U and Text-fig. 4 show that, 
while the order of variation is essentially the same as that of inorganic 
phosphorus (coefficients 17.09 and 17.29 per cent respectively), the 
distribution of values is more uniform. This may be attributable 
to the occurrence of coordinate variations in calcium and inorganic 
phosphorus. 

The situation presented by the values obtained for the ratio of 
calcium to inorganic phosphorus is somewhat surprising in that the 
ratio between the two substances proves to be less constant than the 
absolute amounts of either substance (Tables IX and X and Text- 
fig. 5). There are considerable differences between the standard 
values for individual groups of animals, and the distribution frequen- 
cies are inclined to be irregular. Moreover, all groups show a large 
standard deviation and correspondingly high coefficients of variation, 
but combining the results for the 4 groups of animals gives a fairlv 
uniform and symmetrical distribution, a striking feature of which is 
the high frequency with which values occur over the entire range of 
standard variation, that is, from ratios of 2. 85 to 4.29. 

It thus appears that, despite the evidence of a tendency to the ob- 
servance of an inverse relation between the calcium and inorganic 
phosphorus in the blood, the ratio of one substance to the other is 
by no means constant. 

lly using the product and the sum as a basis of expressing the relation 
between calcium and inorganic phosphorus, the form of the relation is 
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reversed, that is, an increase in calcium or a reduction in phosphorus 
diminishes the ratio value, whereas under the same circumstances, the 
direct ratio of calcium to phosphorus is increased. Objection may 
be made to this method of treatment, but the fact remains that by 
compounding the terms of the ratio in this manner, some interesting 
points arc brought out (Tables XT and XII and Text-fig. 6). 

In the first place, the mean values for the two ratios are of a com- 
parable order, but the values obtained for the product-sum ratio of 
different groups of animals show a closer agreement than those for 
the calcium-phosphorus ratio, Moreover, the distribution of values 
is comparatively uniform throughout, while the variability of individ- 
ual groups and of the series as a whole is less than two-thirds of that 
found for the calcium-phosphorus ratio. 

Finally, known differences in the experimental conditions repre- 
sented by the 4 groups of animals are expressed with remarkable clarity 
(Text-fig. 6) by this treatment of ratio values which suggests that the 
method may be used to advantage in the analysis of results of this 
kind. 

By comparing the group values for the calcium-phosphorus and 
product-sum ratios, it will be seen that they arc not only of a compa- 
rable order of magnitude (3.57 and 3.47 for the combined groups), but 
that a high value of one tends to be associated with a correspondingly 
low value of the other, so that the mean of the two ratios remains fairly 
constant at about 3.50, or their sum is approximately 7.00 (Tables XIII 
and XIV and Text-fig. 7). 

The constancy of tills relation docs not hold for individual observa- 
tions or for all classes of animals or experimental conditions. With 
grouped material, the absolute value of the sum or mean of the two 
ratios may increase or decrease, just as other values do, but tends to 
preserve a greater degree of constancy under a given set of conditions 
and appears to be less affected by slight changes in experimental con- 
ditions or by experimental errors. It is not certain whether the 
constancy of this value is due entirely to weighting, or the compound- 
ing of terms, or is indicative of the maintenance of a relation between 
calcium and inorganic phosphorus which is expressed in the mainte- 
nance of an equilibrium between the two ratios. 

The values for calcium and inorganic phosphorus, as recorded above, 
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may be regarded as a cross-section of results obtained from a fair 
sample of laboratory material, and in this sense, may be used as 
standards of comparison in estimating the probable significance of 
other determinations. It has been clearly shown, however, that even 
slight differences in experimental conditions are apt to be reflected in 
the results obtained. It is evident, therefore, that as experimental 
conditions are changed, corresponding differences in results may be 
expected. 

It has also been shown that neither the calcium nor the inorganic 
phosphorus of rabbits’ blood can be regarded as constant. As is well 
known, inorganic phosphorus is the more labile of the two substances 
and is subject to much greater variation than calcium, but the upper 
and lower limits of both are far apart. In fact, the range of so called 
normal variation, or even the range of high frequency variation, is in 
all probability sufficiently wide to include many variations that occur 
under pathological as well as physiological conditions. 


SUMMARY. 


Determinations of calcium and inorganic phosphorus were made on 
the blood of 4 groups of normal rabbits at intervals of 1 to 2 weeks over 
periods of 4 to 8 months. From the data thus obtained, values were 
calculated for calcium and inorganic phosphorus, and for various 
relations between the two substances. 

It was found that both calcium and inorganic phosphorus showed 
wide ranges of variation with a tendency to vary in an inverse direction. 
Still, the relation between the two substances, as expressed bv a direct 
ratio or by the product of the two substances, was less constant than 
the absolute amounts of either calcium or inorganic phosphorus. 
The ratio of the product to the sum of the two substances was more 
constant, and this ratio varied inversely with the ratio of calcium to 
inorganic phosphorus, so that the mean or the sum of the two values 
varied comparatively little under a given set of experimental 
conditions. 
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Results of a large series of determinations of caldum and inorganic 
phosphorus in the blood of normal rabbits were reported in a previous 
paper (1). These results were based on repeated examination of the 
blood of the same animals, continued over periods of 4 to 8 months. 
A parallel series of blood analyses was made on small groups of 
animals within a few days after they were received from the dealer, 
for the purpose of determining whether the calcium and inorganic 
phosphorus in the blood of rabbits, as they come to the laboratory from 
outside sources, differed in any way from that of rabbits living under 
the usual laboratory conditions. The results of this investigation 
are presented in the present paper in the form of a comparison of group 
means, variability and distribution frequencies. 

Material and Methods. 

The results to be reported are based on determinations of caldum and inorganic 
phosphorus in one sampe of blood from each of 111 male rabbits distributed as 
follows: 


Oct. 8, 1926 

. in 

rabbits 

If 

Nov. 17, 1926 

_ in 

Jan. 7-14, 1927 

21 

If 

Feb. 4, 1927 

\\ 

it 

Mar. 11, 1927 



If 

Apr. 29, 1927 

in 

If 

May 25, 1927 

o 

If 

June 5, 1927 


If 
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Tlic Mood of (lie fir.-.t croup of animal", and of some of tlio-.r in the third croup 
was not examined until they had been in the laboratory about 10 days; in other 
cases, the analyses were made between 1 and 3 days after the animal* were received 
from the dealer. 

These animals were comparable with those used for repeated determinations of 
calcium and inorpanic phosphorus. In fact, the observations on the October croup 
of this scries were continued, constituting Group I of the scries of repeated deter- 
minations already reported upon, while parts of the January and March animals 
formed Groups III and IV respectively of the first series. 

Calcium and inorganic phosphorus were determined in accordance with the 
methods described in the previous paper (1). 

The results of these determinations have been combined and ana- 
lyzed as a single group in order to provide a basis for direct comparison 
with results obtained by repeated examination. For convenience, 
the scries of repeated determinations will be designated ns Series I, 
and the single determinations ns Series II. A summary of results 
is given in Table I which, in addition to the values for Series II, 
contains the highest and lowest group values for Series I as well as 
the combined values for all groups of the scries. As an aid to the 
interpretation of these results, the differences between mean values 
and the relation of these differences to their probable errors have also 
been tabulated (Tabic II). Tables III to V give the distribution fre- 
quencies for Scries II with corresponding combined values for Scries I. 
These relations arc shown graphically in Text-figs. 1 to 7. 


RESULTS. 

The results of the investigation are summarized in Tables I to V 
and Text-figs. I to 7. 



TABLE L 


Values for Series of Single and Repealed Determinations of Calcium and 
Inorganic Phosphorus. 



Mean 

Standard 

deviation 

Coc£cieni of 
variation 


r.%. frr 100 cc. 

rcf . $cr 100 cc - 

fer cent 

Calcium 

Series I High 

Low 

Combined 

13.8db0.06 

15.3±0.06 

15.6±0.03 

1.12 

1.30 

1.25 

7.09 

8.50 

8.01 

Series n 

15.4±0.09 

1.42 

9.20 

Inorganic phosphorus 

Scries I High 

Low 

Combined 

4.96±0.04 

4.11±0.04 

4.51±0.02 

m 

16.13 

12.41 

17.29 

Series II 

5.40i0.06 

0.91 

16.85 


Absolute voices 

Absolute values 


Sum 

Scries I High 

Low 

Combined 

20.8±0.06 

19.6±0.06 

20.1i0.04 

1.01 

1.31 

1.29 

4.86 

6.68 

6.42 

Scries n 

20.8i0.ll 

1.70 

8.17 

Product 

Scries I High 

Low 

Combined 

78.1i0.6 

64.0i0.8 

70.2i0.3 

■1 

■ 

Scries II 

83.3il .03 

16.0 

19.22 

Calcium-phosphorus ratio 

Scries I High 

Low 

Combined 

3.8310.04 

3.3010.04 
3.57i0.02 

m 

13.84 

19.70 

20.17 

Series II 

2.95i0.04 

0.57 

19.32 

Product-sum ratio 

Series I High 

I>ow 

Combined 

3.7510.02 

3.2410.02 
3.47i0.01 

mm 

m 

Scries II 

3.95i0.03 

0.51 

12.91 

Sum of two ratios 

Series I High 

1-Ow 

Combined 

7.07±0.03 

7.02±0.02 

7.04±0.01 

WM 

■ 

5.EO 

6.41 

5.6S 

Series 11 

6.9Ii0.02 

0.37 

5.35 
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TAJ5I.lt If. 


D-Jjrrnyrt bctivrrn (irouf' Me ‘in: 


<ti 


v.'ilk Th'lr VrM '.’le ICrrcrs. 


Calcium 


2. Scrirs I, combinrd value and Scri'-.i II 0.2 " 2 

3. fJcriri I, combined and highr-.t vv.Inr*. 0.2 " .5 

•). Series I, combined and lowr'.t valuer. 0.3 " •{ 


Phosphorus 

1. Series I, highest and lowe-.t valuea 0.S5 mg. 15 

2. Scricr. I, combined value and Series If 0., cl) “ l-{ 

3. Scricr. 1, combined and highest values 0.45 “ 10 

4. Series I, combined and lowest values 0.40 " 9 


Sum 

1. Series I, highest and lowest value.-, 1.2 

2. Series I, combined value and Series II 0.7 

3. Series I, combined and highest values 0.7 

•1. Series I, combined and lowest values 0.5 


Product 

1. Series I, highest and lowest values 14.1 14 


2. Scries I, combined value and Series II 13.1 

3. Series I, combined and highest values 7.9 


4. Scries I, combined and lowest values 


Ratio of calcium to phosphorus 

1. Scries I, highest and lowest values 0.53 9 

2. Series I, combined value and Series II 0.62 15 

3. Series I, combined and highest values 0.26 6 

4. Series I, combined and lowest values 0.27 6 


Ratio of product to sum 

1. Series I, highest and lowest values 0.51 IS 

2. Series I, combined value and Series II 0.4S 15 

3. Series I, combined and highest values 0.2S 13 

4. Series I, combined and lowest values 0.23 11 


Sum of two ratios 

1. Series I, highest and lowest values 0.05 1 

2. Scries I, combined value and Series II 0.13 6 

3. Series I, combined and highest values 0.03 Less than F. E. 

4. Series I, combined and lowest values 0.02 Less than P. E. 
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TABLE III. 


Distribution of Values for Calcium and Inorganic Phosphorus. 


Calcium 

Series I 

Series II 

Inorganic 

phosphorus 

Seriej I 

Series II 

r if. gcr 100 cc. 

fercenl 

ftr ctr.t 

ni. ftr 100 c:. 

ftrcfnl 

frrctnl 

11.0 

0.34 


2.00 



12.0 

1.33 

1.S0 

2.50 

0.S5 


13.0 

5.60 

13.52 

3.00 

6. IS 

1.S0 

14.0 

21.32 

23.42 

3.50 

1S.S9 


1S.0 

35.77 

25.23 

4.00 

25.00 

■ 

10.0 

22.79 

IS. 02 

4.50 

22. 5S 


17.0 

9.07 

13.52 

5.00 

15.05 


18.0 

2.66 

3.00 

5.50 

5.52 

14.41 

19.0 

0.17 

0.90 

0.00 

4.02 

13.52 

20.0 



6.50 

0.99 

7.20 

21.0 

0.17 


7.00 

0.17 

1.S0 

22.0 

0.17 


7.50 

0.17 

1.S0 




S.O 0 


0.90 
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TABLE IV. 


Distribution oj Values for Suns and Product. 


Sura values 

Serici 1 

Scriei 1! 

fro^tict 

valurt 

Serif! I 

i Seriei II 


fer (ml 

fer cent 


f(' (ml 

■j | 

1S.0 

0.51 


35.0 

1.00 


16.5 

4.86 


45.0 


1 1 

1S.0 

24.79 

16.22 

55.0 


1 

19.5 

45.39 

34.23 

65.0 



21.0 

19.44 

27.03 

75.0 

21.2S 

■ 

22.5 

3.35 

13.52 

S5.0 

S.04 

20.72 

24.0 


3.60 

95.0 

2.51 

10.81 

25.5 

0.17 

0.90 

105.0 

0.66 

5.40 

27.0 

0.17 


115.0 


4.50 




125.0 


0.90 
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TABLE V. 


Distribution of Values for Ratios of Calcium to Inorganic Phosphorus ar.d 
Product in Sum and for the Sum of the Two Ratios. 


Calcium- 

phosphorus 

ratio 

values 

Series I 

Series II 

Product- 
?um ratio 
values 

Series I 

Series II 

Valuer 
for sum 
of two 
ratios 

Series I 

Series II 


per cent 


Hi 

fer ccr.l 

Screen! 


per eenl 

fer cent 

1.50 


1.80 

lllll 



5.50 

0.34 




IS. 92 

EE 1 

■El 


1 

6.03 

13.51 

2.50 


31.53 

HI 

mm 

1.S0 

1 

44.73 

■ 



32.43 

3.00 

HSU 

16.21 

1 

34. 17 

| 

3.50 

23.79 

9.91 

3.50 

32.49 

36.93 


■EE 9 

5.40 


16.76 

3.60 

4.00 

11.72 

2S.S3 


in i 


4.50 

9.21 

1.S0 

4.50 

1.51 

13.52 


0.51 



1.34 


5.00 

0.17 

2.70 




5.50 

0.17 








6.00 

0.34 
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DISCUSSION AND CONCLUSIONS. 

From an analysis of the results obtained by repeated.determinations 
of calcium and inorganic phosphorus in the blood of 4 groups of 
rabbits, it was found that, under the conditions employed, both the 
absolute and relative amounts of these substances were subject to 
considerable variation. The question to be determined by the present 
investigation is whether a change in the experimental conditions which 
eliminates the factors of increasing age and prolonged cage life in the 
laboratory tends to produce results of the same or of a different order. 

The mean value for calcium (Table I) is well within the limits 
established for animals living under laboratory conditions, and the 
value for the sum of the calcium and inorganic phosphorus is the 
same as the highest mean value for the previous series, but in no other 
case does the mean for the present group of animals fall within these 
limits. The mean value for inorganic phosphorus is considerably 
higher; the product and the ratio of the product to the sum are also 
higher, while the ratio of caldum to phosphorus and the sum of the 
two ratios are lower. 

In the case of calcium, the difference between the mean and the mean 
of the combined values of Series I is 0.2 mg. This difference is of the 
same order as that shown by the highest and lowest mean values of 
Series I as compared with the combined value, but is less than the 
extreme difference of 0.5 mg. One may conclude, therefore, that 
the mean value obtained for calcium, in the present instance, does 
not differ significantly from values obtained under the other experi- 
mental conditions (Tables I and II). 

The difference between the mean value for inorganic phosphorus 
and the basic value for Series I is, however, greater than that between 
the highest and lowest mean values of the series, and is approximately 
twice as large as the difference between these values and the combined 
value for the scries (Tables I and II). The value for inorganic phos- 
phorus is definitely outside of the limits established for Series I, and 
the difference between the two sets of results is many times the prob- 
able error; so that, in this case, it is certain that the higher value for 
inorganic phosphorus is significant. In this connection, it is of 
interest to note that the highest value of Series I was given by the 
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youngest animals, and that the observation period on these animals, 
or the period of confinement in the laboratory, was tlu: shortest. 

A similar comparison of the figures given for the sum of calcium and 
inorganic phosphorus shows that the value obtained represents a 
deviation from our basic value which is comparable to that found for 
animals living under laboratory conditions. The mean value is in 
fact identical with that for the youngest group of animals so living, 
hut the results differ in other roped s as will he pointed out later. 

The increase of the product value above the standard mean (Series J) 
is approximately equal to the extreme difference between group means 
of Series I and nearly twice the deviation shown by high and low values 
of the scries from the standard mean. The shift in the product values 
assumes the same direction as that for the inorganic phosphorus con- 
tent of the blood and has virtually the same significance. 

The deviation of the calcium-phosphorus ratio from the combined 
value of Scries I is greater than that shown by any of the groups in 
that scries, and represents a definite downward shift. The ratio of 
the product to the sum changes nearly, but not quite as much in the 
opposite direction, giving a value for the sum of the two ratios which 
is again well below the limits for Scries I. 

The probability of the chance occurrence of differences between 
mean values of the magnitude of those obtained is indicated in 
Table II. 

A comparison of the variability and of the distribution of the two 
sets of calcium and phosphorus determinations is just as instructive 
as a comparison of mean values, but no attempt will be made to follow 
this out in detail. By reference to Tabic I, it will be seen that, in 
most cases, the standard deviation for Series II exceeds the maximum 
value for Series I, while the coefficients of variation show a closer 
agreement and are in most cases of a comparable order. 

The distribution frequencies arc especially interesting in that they 
show differences in the composition of the two sets of results that are 
not brought out in any other way (Tables III to V and Text-figs. 1 
to 7). For example, while the mean values for calcium show a com- 
parativel}’ - close agreement, the composition of these means is quite 
different (Text-fig. 1). The distribution of individual determinations 
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covers essentially the same range, and both curves are fairly sym- 
metrical. But, in Series I, a higher proportion of values is grouped 
about the mean, while in Series II the percentage of values in both 
the upper and lower ranges is greater, giving a larger standard 
deviation and a larger coefficient of variation. 

In all other cases, irrespective of the agreement between means or 
of differences in variability, the range covered by the observations on 
Series II differs from that of Series I. The form of the curves is much 
alike, indicating that they are produced by variants of the same class, 
but the axis of distribution moves upward or downward on the scale 
of values, showing that there are quantitative differences in the com- 
position of the two sets of results. The curves for the sum of the ratios 
of calcium to inorganic phosphorus and of the product to the sum show 
the closest agreement, but the agreement is not as close as that shown 
by the 4 groups of Series I. It appears, therefore, that even in this 
case there is a significant difference, and this supposition is borne out 
by the fact that the difference between mean values is 6 times its 
probable error. 

Comparison of the two sets of results leads to the conclusion that the 
calcium and inorganic phosphorus in the blood of rabbits, as they are 
brought into the laboratory, may differ to a considerable extent from 
that of rabbits living under laboratory conditions. Grant and Gates 
(2) found that caging for periods as long as 7 weeks increased the cal- 
cium content of the blood, but in the present instance inorganic phos- 
phorus and the relations between calcium and phosphorus were 
affected more than the absolute values for calcium. The evidence 
presented in this paper is not sufficient to warrant any conclusion 
concerning the extent to which age as distinguished from living 
conditions may have affected the results. The influence of these and 
other factors is shown to better advantage by comparing the results 
of consecutive observations on the two scries of animals. This aspect 
of the investigation will be presented in a subsequent paper. 

SUMMARY. 

Determinations of calcium and inorganic phosphorus were made on 
the blood of a large scries of rabbits as they were received from the 
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dealer for the purpose of determining whether results obtained under 
these conditions differed from those obtained by repeated observations 
on animals living in the laboratory. 

It was found that the results differed in the two eases, due largely to 
a decided difference in the inorganic phosphorus content of the blood; 
but the values for calcium were also affected. 
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The terms “R” (“rough”) and “S” (“smooth”), to designate two 
“variants” of the same bacterial species, were first employed by Ark- 
wright (1). His observations were made on members of the colon- 
typhoid-dysentery group but were soon extended to many other or- 
ganisms. Griffith (2) was the first to recognize two corresponding 
“variants” of Pneumococcus, and his findings were confirmed and 
extended by Reimann (3) and Amoss (4) . The distinguishing features 
of the two forms of Pneumococcus may be summarized as follows: 
“S” forms are virulent; they produce the specific soluble substance, 
upon which type specificity depends (5) ; and they form colonies which 
have a smooth surface when examined by reflected light. “R” forms 
are avirulent; they do not produce the specific soluble substance; 
and they form colonies which have a rough surface when similarly 
examined. 

Since the recognition of these two forms, much interest has centered 
in the question of their interchangeability. It is obvious that this 
subject, as Hadley (6) points out, has considerable significance, not 
only in the problem of epidemiology, but also in the interpretation of 
bacterial mutation. 

It is proposed to review here the question of the interconvcrtibility of the two 
forms only in so far as it applies to Pneumococcus. 

As early as 1S91, Roger (7) reported that Pneumococcus, when grown in the 
sera of inoculated animals, became attenuated in virulence. IssacE (8), in 1893, 
however, showed that this apparent loss of virulence was due to the protective 
action of the scrum present, since bacteria, freed from the scrum in which they 
had been grown, showed no alteration in virulence. Ncufcld (9), in 1902, stated 


* l'ellow in Medicine of the National Research Council. 



57S 


“r” AND “s” FORMS of vnf.umococcu.s 

that n virulent strain of Pneumococcus, in the four, e of cultivation, may lose its 
virulence ami its specific ngglutinahility. Fried (10), in 1915, found that pneumo- 
cocci, when grown in homologous immune scrum, became ngglutinablc and 
phngocytablc in normal rabbit scrum, and less virulent for mice than the untreated 
strains. Stryker (11), independently, about the same time, reported that the 
growth of virulent pneumococci in homologous immune serum produced (a) varia- 
tions in ngglutinabilitv, (//) decrease in virulence, (r) inhibition of capsule forma- 
tion, (rf) increased pbagocytability in normal scrum, and (c) a change in antigenic 
properties. She found that the modified type was permanent while the culture 
was kept on plain media; but that reversion to the original type occurred fol- 
lowing animal passage. These investigations preceded the recognition of "R" 
and “S” forms but the indications are that the avirulent organisms were of the 
“R” variety. Griffith (2), in the paper in which lie first pointed out the morpho- 
logical distinction between colonics of virulent and attenuated pneumococci, 
stated that, “an ‘R’ strain may revert in all respects to the ‘S’ type or may remain 
unchanged after many generations in subculture in plain blood broth.” lie was 
of the opinion that the constancy of the “R” variant was, in some degree at least, 
dependent upon the strength of the immune scrum employed in its production. 
None of these investigators made use of single cell cultures, and the contrary- 
results subsequently obtained by .A moss (4) and Rcimann (12), were, in part, 
attributed by them to the fact that they employed pure line strains derived from 
single cell cultures. Amoss reported that the avirulent strains showed no tendency 
to revert to the parent type, and did not become virulent on repeated passage 
through mice. Rcimann was unable to restore virulence or type specificity to a 
single cell “R” strain even after 105 mouse passages. Both Rcimann and Amoss 
employ-ed “R” cultures derived from Type I pneumococcus. Felton and 
Dougherty (13), by means of an automatic transferring device in a milk-containing 
medium, were able to restore virulence to a single cell culture of Type I pneumo- 
coccus which had become completely avirulent. Although no mention was made 
of “R” and “S” forms in their communication, it may be assumed that the 
avirulent cultures were of the “R” variety. They reported, however, that some 
cultures showed a maximal increase in virulence while others remained avirulent. 
Levinthal (14) also reported that he was able to effect reversion from “R” to “S” 
in single cell Type I cultures by- growth in scrum broth at 25°C., with subsequent 
passage of the cultures through mice. 

The present study concerns itself, generally, with the question of the 
interconvertibility of “R” and “S” forms of Pneumococcus, and, more 
particularly, with the question of reversion from “R” to “S.” In a 
previous communication (15), it was pointed out that virulence and 
type specificity could be restored to “R” forms by growth in anti- 
“R” sera. Interesting in this connection is the observation of Soule 



MARTIN EL DAWSON 


579 


(16). Investigating microbic dissociation in B. subtilis, he stated 
that, “by the incorporation of ‘S’ or ‘R’ i m m une sera in fluid media, 
‘R’ forms may be obtained from ‘S’ forms, and ‘S’ forms from ‘R’ 
forms respectively.” 


Methods. 

Both mass and single cell cultures of Types I, II, and HI pneumococcus were 
employed in all experiments. The single cell strains were isolated according to the 
method of Avery andLeland (17). In this method the position of single organisms 
is first accurately determined on a thin film of agar spread on a specially designed 
cover-slip. The single organisms are then allowed to develop into colonies which 
are subcultured as desired. 

The structure and surface appearance of colonies were studied on blood agar 
plates by means of a Zeiss binocular microscope specially adapted for the study of 
colony morphology. It is necessary to point out that colony appearance is only 
a relative guide to the nature of the organisms constituting a colony, and can never 
be absolutely relied upon to distinguish “R” and “S” forms. This is particularly 
true in the case of Type It pneumococcus. In this study, colony morphology alone 
was never considered as a final criterion, but was always confirmed by specific 
agglutination and virulence tests. The appearance of colonies also shows great 
variation with age, so that, except in certain instances, plate cultures 18-24 hours 
old were always selected for examination . 

The immune sera employed were cither the type-specific, diagnostic sera pre- 
pared from horses by the New York State Department of Health, 1 or sera obtained 
from animals immunized according to the method of Cole and Moore (18). 

Unless otherwise indicated, subcultures were made twice in 24 hours, and 
incubated at37°C. 

EXPERIMENTAL. 

I. Reversion from “R” to “S” in Mass Cultures. 

A. By Animal Passage. 

Mass cultures of “R” forms derived, respectively, from pneumo- 
cocci of Types I, II, and III, were employed. In each instance these 
were stock laboratory “R” strains which had been maintained in arti- 
ficial cultivation at least 2 years, and which showed no tendency to 
revert to the “S” form by growth in any of the usual media. These 

l \Yc arc indebted to Dr. Augustus B. Wadsworth of the New York State De- 
partment of Health for the antipncumococcus horse sera cmploved in this in- 
vestigation. 
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cultures were avirulenl, 0.5 cc. of a voting broth culture uniformly 
failing to kill white mice; they did not form capsules or produce the 
specific soluble substances; and formed only typical rough colonies on 
blood agar plates. 

(a) “A” Forms Derived from Type / ( Strain I /J92/R), — It was not 
found possible to effect reversion of this strain by animal passage. 
This confirmed the results of Reimnnn, who had previously subjected 
the same strain to 105 consecutive mouse passages. 

(h) “A” Forms Derive/! from Type If (Strain J)/39/R).~- 3 cc. of a 
6 hour growth in plain broth were injected into the peritoneum of a 
mouse and the animal killed in *1 hours. 1 cc. of the peritoneal wash- 
ings was injected into a second mouse, and the process repeated after 6 
hours, the third animal succumbing on the following day. Three 
further passages were made and a blood broth culture ffom the sixth 
mouse proved highly virulent, 0.000001 cc. causing death of an in- 
jected animal. The culture now showed only typical “S” colonies, 
gave a typical Type 31 agglutination, and produced an abundance of 
the specific soluble substance. Reversion to the “S” forms had been 
effected in all respects. 

(c) “A” Forms Derived from Type III (Strain M/3/R).— Much 
greater difficulty was experienced in causing this strain to revert and 
it was only after twenty-eight successive mouse passages that it was ac- 
complished. However, reversion did ultimately occur, and it was 
accompanied by the acquisition of all the characteristics of the “S” 
form, including maximal virulence. 

B. By Growth in Anti- U R ” Sera. 

The same three U R” strains, derived from Types I, II, and III, 
respectively, were grown in plain broth, to which 10 per cent of anti- 
“R” scrum obtained from a rabbit immunized to an “R” form was 
added. In the first experiments the scrum employed was from an 
animal immunized to an “R” form derived from Type III (Strain 
M/3/R), but it was subsequently found that any anti-“R” serum, 
provided it was of sufficiently high titer, was equally effective. This 
phase of the problem will be discussed later. 

(a) “A” Forms Derived from Type I (Strain I/192/R). — No change 
was effected in this culture even after 100 transfers in 10 per cent 
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anti-“R” serum. The surface of the colonies became somewhat less 
rough but there was no increase in virulence and no evidence of return 
to type specificity. 

(i) “R” Forms Derived from Type II . (Strain D/39/R). — This 
strain, which had remained unchanged after many transfers in blood 
broth, but which could be reverted to the “S” type by animal passage, 
showed an unexpected transformation when grown in anti-“R” serum. 
During four transfers there was no change in the character of the 
growth, the organisms settling to the bottom of the tube in agglutinated 
masses, as is usual with “R” forms when grown in anti-“R” sera. On 
the fifth transfer, however, the media became slightly turbid, and more 
definitely so on the sixth subculture. On the seventh transfer, the 
culture showed a uniform turbidity, gave a specific Type If reaction, 
and proved highly' virulent for white mice, 0.000001 cc. causing death. 
Examination of the colonies on plates showed only typical “S” forms. 
Evidently complete reversion had been effected. 

(c) “R” Forms Derived from Type III (Strain AI/3/R). — “R" forms 
of Type HI pneumococcus reverted to the “S” type, when grown in 
anti-“R” sera, in a manner similar to “R” forms of Type n. After a 
variable number of transfers, usually between eight and twelve, the 
growth became diffuse, smooth colonies appeared on plates, and type 
specificity, accompanied by maximal virulence, was restored. It is of 
interest to note that, once the process was initiated, it was only a 
matter of two or three further transfers before the entire culture had 
assumed the “S” form, and “R” colonies could not be found. 

From these experiments the conclusion may be drawn that, in cer- 
tain instances at least, mass cultures of a virulent, “R” forms of pneu- 
mococci possess the ability to revert to virulent, type-specific, “S” 
forms, and that the change can be effected by in vitro as well as by in 
vivo methods. 

Two questions then presented themselves: first, is reversion due 
to flic presence of certain individual, undetected “S” forms within the 
mass “It” cultures, or do all “R” cells individually possess the ability 
to rc\crt', and secondly, can reversion be effected by growth in an 
artificial medium other than that containing anti-‘*R” serum? 
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Four single cell strains were obtained from each of the three “R” 
cultures originally derived from the three specific types of Pneumococ- 
cus, and their characteristics definitely determined. They were nviru- 
lent, 0,5 cc. of broth culture producing no effect on injection into white 
mice; they showed no evidence of type specificity, and formed only 
rough colonies on plates. Reversion was then attempted both by 
animal passage and by growth in anti-“R” sera. 


.4 . By .1 /.'/war/ Passe, gr. 

The results obtained when single cell cultures were employed so 
closely parallel those outlined in the case of mass cultures that it is not 
necessary to give the data in detail. In no instance was it possible 
by animal passage to effect reversion with the single cell “R” forms 
derived from Type I (Strain I/192/R), The single cell “R” cultures 
derived from Types II and III (Strains D/39/R and M/3/R) reverted 
to the “S” form after practically the same number of mouse passages 
as was necessary when mass cultures were used. Little or no indi- 
vidual differences were found to exist in the various single cell cultures 
derived from the same “R” strain. 


B. By Growth in Anti-“R” Sera. 

The same dilution of scrum was used which has been effective in 
producing reversion in mass cultures. Again entirely similar results 
were obtained, and practically no individual difference was found to 
exist in the various single cell strains isolated from tire same mass cul- 
ture. The “R” forms of Type I (Strain 1/192 /R) uniformly failed to 
revert; all the “R” forms of Type II (Strain D/39/R) reverted in 
from five to ten transfers; and tire “R” forms of Type III (Strain 
M/3/R) in from ten to twenty transfers. The “R” forms of Type I 
were again carried in subculture up to 100 transfers in media contain- 
ing anti-“R” serum without success. 

From tire results with single cell cultures, it seems fair to conclude 
that the reversion of an “R" strain to the “S” type does not depend 
upon the presence of an admixture of both forms within the culture, 
but rather it seems not unlikely that each individual “R” organism 
either may, or may not, possess the ability to revert to the “S” type. 
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Results with “R” Strains Derived from Other Type I Cultures. 

The “R” strain of T}-pe I which was used in the preceding experi- 
ments was a stock strain which had been under artificial cultivation 
for a period of many years. In order to determine whether this ina- 
bility to revert was a property of all “R” organisms derived from Type 
I, or only of this particular strain, other “R” cultures derived from Type 
I were employed. These “R” forms were obtained by growing two 
Type I “S” strains, recently isolated from cases of lobar pneumonia, 
in 25 per cent Type I serum. After eight transfers in this medium, 
four typical “R” colonies, two from each strain, were selected,- and 
reversion was attempted both in mass cultures grown from the single 
colonies, and in single cell cultures derived from the same colonies. 
That these cultures were definitely of the “R” forms was repeatedly 
confirmed by colony appearance, lack of type-specific agglutination, 
and loss of virulence. In this instance, uniform results were not ob- 
tained; but it is of interest to record that the single cell cultures be- 
haved in precisely the same manner as the whole colony cultures from 
which the single cells were derived. Of the four colony cultures, it 
was possible, by the method of animal passage, to restore type specific- 
ity and virulence to only one. Likewise it was possible to effect re- 
version by animal passage in single cell cultures derived from this 
colony and not in the case of the others. 

Reversion of these “R” strains of Type I was then attempted in 
anti-“R” sera. Success was attained with the culture whose viru- 
lence could be restored by animal passage but not with the others. 
Forty transfers in anti-“R” serum broth were necessary and both 
single cell and mass cultures reverted. Here, again, reversion was 
accompanied by the acquisition of all the characteristics of the “S” 
type, including maximal virulence. Thus it appears, at least in so 
far as Type I is concerned, that there are varying degrees of constancy 
of the “ R’ ' variant. Whether this constancy' depends upon the 
strength of the immune scrum employed in the production of the 
‘R ’ forms as Griffith (2) suggests, or upon the number of transfers in 
immune scrum to which the “R” variant has been exposed, further 
work is necessary to determine. So far, however, it has always been 
found possible to effect reversion of “R” forms of Types H and HI, 
single cell as well as mass cultures, both by animal passage and by 
growth in anti-“R” sera. 
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Conversion of “S" lo “A”'. 

It was thought that possibly some light could be thrown on the diffi- 
culty experienced in causing “R” forms of Type I to revert to the “S" 
type by studying the reverse process (“S" — » “K") in greater detail 
than had previously been done. It was hoped that this procedure 
would also be of assistance in the interpretation of certain puzzling 
forms of colonies which were occasionally encountered when “It" 
forms were grown in anti-“R’’ sera. “S” strains of Types I, II, and 
III, were grown through repeated transfers in broth containing the 
homologous antisera in dilutions varying from 1:1, 1:2, etc., to ] :256. 

’Type I “5" (Strains 1/192/2, “7\” and “6'”).™Kach strain went 
through a more or less similar transformation of which the following 
account of Strain 1/192/2 is typical. Unless otherwise indicated, the 
description of colonies applies to plate cultures 18-24 hours old. 

The growtli in 100 per cent Type I serum was poor and plates showed 
only typical “S” colonics for three transfers. In all serum dilutions, 
where growth was more abundant, the colonies also remained typically 
“S” for three transfers before a change was produced. After the fourth 
transfer, a change became apparent in all dilutions from 1:2 to 1:64 — 
there was great variation in the size of the colonics, without any change 
in their surface appearance or outline. In higher dilutions only typi- 
cally “S” colonics occurred. On the fifth transfer, in dilutions 1:2 
to 1:64, a small, flat, indistinct, rough colony made its appearance in 
frequent numbers. As these plates aged (4S hours) a most bizarre 
picture was produced. Many of the large, smooth colonies developed 
nibbled areas at the periphery, and the small, flat, rough ones produced 
a great variety of forms — some developed smooth, nodular papilla:; 
some a mulberry-like appearance; while others appeared to be under- 
going autolysis. After the sixth transfer, the plate presented a still 
more unusual appearance. Many of the large, smooth colonies 
showed pronounced nibbling and irregularity of outline, while all the 
colonies showed a complete lack of uniformity in both size and surface 
appearance. Occasional “rough” colonies were observed. On the 
seventh transfer, the majority of the colonies possessed a definitely 
“rough” surface, but they showed a peculiar “watery” appearance 
which distinguished them from typical “R” forms. After the eighth 
transfer, typically “rough” colonies could be recognized but even up 
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to the fourteenth transfer the small, irregular, rough colony still per- 
sisted. Repeated attempts were made to isolate these small, irregular 
colonies and to establish stable, intermediate forms. These efforts 
were not successful. Subcultures showed mixtures of the atypical 
intermediate forms and true “S” colonies. 

Type II “S” (. Strain D / 39/36/2). — In the case of Type II it becomes 
much more difficult to describe the colony appearance, for the distinc- 
tion between “R” and “S” forms was much less pronounced and had a 
purely relative value. In fact it was not unusual to find that a viru- 
lent Type II culture would give rise to colonies which appeared rough; 
while, on the other hand, colonies which were apparently smooth, 
especially when grown in blood or serum broth, were not necessarily 
type-specific. However, it is possible to say that the transformation 
from Type H “S'"’ to the “R” form occurred much more readily than in 
Type I, one exposure to type-specific serum often proving sufficient. 
Moreover, the unusual transition picture described in Type I was not 
encountered, possibly because of the readiness with which the transi- 
tion to the “R” form occurred. 

Type III “5” (, Strain A66/47/Z). — With Type HI it was always 
possible to distinguish “R” and “S” colonies. After one transfer in 
homologous anti-“S” serum, in all dilutions, only “S” colonies occurred. 
After two transfers only a few “S” colonies persisted in serum dilutions 
1 ; 2 and 1 : 4 ; in higher dilutions only “S” forms were apparent. After 
four transfers, dilutions 1:2 and 1:4 showed only “R” forms; in dilu- 
tion 1:8 only two “S” colonies remained. After the sixth transfer, all 
the colonics were of the “R” type in dilutions 1:2, 1 :4, and 1:8, while 
in higher dilutions, only “S” forms persisted. No intermediate forms 
were observed, all colonies being definitely either “R” or “S.” 

From these experiments it is possible to state that Type I “S” 
pneumococcus is by far the most difficult to convert to the “R” form, 
requiring ten to fifteen transfers in serum dilutions of 1:2 and 1:4. 
Even after this number of transfers “intermediate” colonies exist which 
readily revert to the “S” type. On the other hand, Types H “S” and 
III "S” are easily converted to the “R” form, and in each instance the 
change is much more abrupt and complete than in the case of Type I. 
This fact may offer a partial explanation of the difficultv experienced 
in the reverse process of transforming “R” forms derived from Tvne I 
to the “S” type. H 
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The Rfilr of Scrum 


in Reversion by in Vitro Methods. 


Having established the fact that, in the majority of instances, it is 
possible to transform “K" cultures of Pneumococcus to the “S” type 
by growth in anti-“R"scra. attempts were made to effect the change in 
media which did not contain ant i-“R” antibodies. Experiments were 
also carried out to determine the titer and concentrator! of scrum best 
suited for the purpose. 

Sera were obtained from a series of normal individuals and animals, 
and also from animals which had been immunized to either the “R” 
or “S" forms of Pneumococcus. At tendon is drawn to the observation 
of Avery and Ileidelberger (19) that type-specific, antipncumococcus 


tabu: i. 


Reversion “R" to “.S'” — Type 11 Pneumococcus. Grcnith it: Norm-i! a jut 

Anii- U R” Sera. 


Culture 

Serum Broth dilutions 

AntrVR" 

.Vo. 

Remit 

10 percent 

titer of sea 

transfers 

“It” forms of 

Normal chicken 

Nil 

100 

No change 

Type II 

it 

rabbit 

1:5 

100 

u a 

(D/39/R). 

it 

sheep 

1:20 

100 

it t( 

Single ccUcul- 

it 

horse 

1:20 

100 

u it 

Uirc 

it 

guinea pig 

1:320 

30 

Partial reversion 


it 

human 

1:010 

s 

Complete “ 


Immune rabbit 

1 :3200 

5 

it It 


it 

horse 

1 :3200 

5 

it it 


Plain broth 


100 

No change 


sera contain not only dominant, type-specific (anti-“S”) antibodies, 
but also antibodies reacting with the protein substance, which is 
common to all pneumococci. Reimann (12) subsequently showed 
that sera prepared with “R” forms are immunologically similar to sera 
prepared with the protein of Pneumococcus. In consequence it was 
possible to use not only anti-“R” sera prepared against any “R” 
strain regardless of its type derivation, but also anti-“S” sera of the 
three specific types, all of which possess, in common, anti- 4 *R” anti- 
bodies. The anti-“R” titer of the sera was determined by the so called 
thread reaction, and single cell cultures were emplo) r ed. 
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The results obtained with “R” forms of Type II pneumococcus are 
set forth in Table I. It is seen that complete reversion occurred only 
in those sera of which the anti-“R” titer was above 1 : 320. In normal 
guinea pig serum, the titer of which was 1 : 320, a partial reversion was 
observed. Under these conditions the organisms lost their ability 
to thread; the colonies became smoother; and the virulence of the cul- 
ture was increased, but not to a maximal degree. It was not probable 
in this instance that the growth was made up of a mixture of “R” 
and “S” forms; for all the colonies were of similar appearance and sub- 

table n. 


Reversion “R” to “S ” — Type III Pneumococcus. Growth in Normal and 
Anli-“R” Sera. 


Culture 

Serum broth dilutions 

10 percent 

Anti- #, R n 
titer of sera. 

No. 

transfers 

Result 

“R” forms of 

Normal chicken 

N3 

50 

No change 

Type HI 

“ goat 

It 

50 

It it 

(M/3/R). 

“ horse 

1:10 

50 

It U 

Single cell 

“ sheep 

1:20 

50 

tt tt 

culture 

“ rabbit 

1:20 

25 

Complete reversion 


“ guinea pig 

1:80 

50 

Partial “ ? 


Immune goat 

1:200 

50 

No change 


Normal human 

1:640 

50 

tt it 


Immune sheep 

1:800 

50 

tt tt 


“ rabbit 

1:3200 

18 

Complete reversion 


“ horse 

1:6400 

12 

« It 


Plain broth 


50 

No change 


cultures made from them individually possessed the same characteris- 
tics. Even when subcultured for twenty further transfers in the s am e 
media complete reversion did not occur. Growth in serum broth with 
an anti-“R” titer of less than 1:320 induced little change. In some 
instances the organisms ceased to give a thread reaction, but therewas 
slight, if any, increase in virulence. They did not give a type-specific 
agglutination and were still unquestionably “R” forms. 

The corresponding results obtained with “R” forms of Type III 
are outlined in Table II. Reversion again occurred promptly in those 
sera the anti-“R”content of which was highest, and not at all in those 
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which did not contain anti-“R” antibodies. A partial exception 
occurred in the case of normal rahbit serum, the anti-“R” titer of 
which was only 1:20. Here complete reversion was effected after 
twenty- five transfers. This was the only instance encountered in 
which the transformation took place in sera of low nnti-“R” titer. 
This observation suggests that, while reversion unquestionably occurs 
much more readily in sera of high anti-“R” content, it may take place 
occasionally even in sera of low anti-“R” titer. 

The results obtained by growing "R" forms of Type JII in normal 
guinea pig sera arc of some interest. A great variety of colony appear- 
ance was produced which closely resembled that previously described 


TAi'.I.K III. 

Optimal Courer.tr, Uiot: of A R” Strum for Reversion. 
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25 per rent 
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| if if 

No change 

“R” forms of Type III (Strain 

25 " “ 

16 

M/3/R) 

10 " “ 

7 


^ if <1 

20 


J it it 

No change 


in the degradation of Type I “S” cultures. After fifteen transfers in 
this medium, colonics quite irregular in size, outline, and surface ap- 
pearance were observed. In addition to the more usual “rough” 
forms there were small, indistinct, flat, smooth colonics; small, rough 
ones from which projected smooth nodular papilla:; and medium sized, 
apparently smooth colonics. All of these t}"pes of colonies appeared 
on plate cultures after 18 hours incubation. After ten further transfers 
only smooth colonies occurred but they were not of the large, mucoid, 
typical, Type III variety and subcultures from them were avirulent 
and not type-specific. Continued transfers in normal guinea pig 
serum produced no change and when transferred back to plain broth 
only typical “R” forms resulted. Possibly this culture represented an 
unstable intermediate form. 
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Optimal Concentration of Anti-“R” Sera for Reversion. 

Cultures of “R” forms of Types H and III pneumococcus were grown 
for successive transfers in broth containing varying dilutions of anti- 
“R” rabbit serum of known titer. The results are recorded in Table 
III. The anti-“R” titer of the serum used, as determined by the 
thread reaction, was 1:6400. In all experiments 10 per cent was 
found to be the optimal concentration. Reversion also occurred in 
serum dilutions of 25 per cent and 5 per cent but a greater number of 
transfers was necessary. 

Experiments were also done with sera which had been inactivated 
by heating at 56° for \ hour, and it was found that this procedure did 
not reduce the anti-“R” titer nor destroy its ability to cause reversion. 
No work was done under anaerobic conditions nor were the sera of 
animals immunized to the nudeoprotein of Pneumococcus tested. 

DISCUSSION. 

The present work establishes the fact, that, in the majority of in- 
stances, it is possible to cause both mass and single cell “R” cultures of 
Pneumococcus to revert to the “S” type. It was found that there are 
differences in the stability of the“R” forms in the three types, “R” forms 
of Type I being the most permanent. This corresponds to the greater 
resistance to degradation exhibited by Type I “S.” Absolutely 
irreversible “R” organisms were encountered only in Type I. No 
attempt was made to determine whether it is possible to produce such 
irreversible forms in Types II and HI. 

It is possible to cause reversion from “R” to “S” pneumococd by an 
in vitro as well as an in vivo method. Reversion from “R” to “S,” 
whether effected in vitro or in vivo, is always accompanied by the ac- 
quisition of maximal virulence. The in vitro method consists in grow- 
ing “R” organisms in anti-“R” sera, the optimal concentration of 
which is 10 per cent. Growth in sera which do not contain anti-“R” 
antibodies, has, with one partial exception, not been found to be 
effective in producing the transformation. The partial exception was 
that of a normal rabbit scrum, the anti-‘‘R” titer of which, as deter- 
mined by the thread reaction, was 1:20. “R” cultures have invari- 
ably reverted to the specific type of Pneumococcus from which the 
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INTRODUCTION. 

The behavior of animals having non-pigmented skin when injected with a suit- 
able dose of hematoporphyrin, is well known. If such an animal is kept in the 
dark, no striking difference in behavior occurs from that observed in a normal, 
uninjected animal kept under the same conditions. On the other hand, if an 
animal having received such a dose of hematoporphyrin is exposed to sunlight or 
to strong, well cooled artificial light it soon becomes restless, violently scratches 
the nose, ears and other parts of the body, frequently jumps high into the air and 
shows livid discoloration of the skin; the respiration is rapid and the pulse rate 
increased. Following a short period of such activity the animal grows very 
weak and listless, gradually falls into coma, develops slow, very deep respiration, 
a slow pulse, and soon dies. This physiological state has been called hemato- 
porphyrin shock. 

The anatomical changes taking place in an animal subjected to this experiment 
arc quite inadequate to explain the cause of death, or to account for the nature of 
the rile which either light or hematoporphyrin plays in the process. 

Soon after exposure to light is begun, edema of the skin appears, in white mice 
first becoming manifest in areas unprotected by hair, such as the eyelids, ears and 
tail. Rigor mortis occurs rapidly. The blood is very dark and clots slowly after 
death. Hemorrhages may be found in the internal organs, and in some cases 
blood is present in the lumen of the intestine. The mesenteric vessels, which 
after death arc always found to be distended with blood, occasionally show marked 
infiltration of their walls with leucocytes, but this finding is frequently absent in 
even the most severe cases. Slight infiltration of leucocytes in the edematous 
skin may occur. 

Animals injected with such a fatal, sensitizing dose of hematoporphyrin and 
then expo'ed to diffused daylight do not develop the acute symptoms of acute 
hematoporphyrin shock just described. They show signs of irritation, and after 
repeated injections v ith hematoporphyrin and cxpo c urcs to light, their ears 
become necrotic and drop off. Following a period of crcrcxia, such animals die, 
but 'how no significant or consistent anatomical changes. Alterations in the 
central nervous system have been described by I'ppmgcr and Amstcin (1). 
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Shock ir- never produced hy exposure of only n small portion of the body to 
sunlight lifter injection of hemntoporphyrin. The skin of the exposed area, 
however, becomes edematous and red, and after a few days shows necrosis. A deep 
ulcer develops at this point which heals slowly. Microscopically one finds throm- 
bosis of the small vessels in the margin of the ulcer, with necrosis and cellular 
infiltration of its surface. 

After intravenous, intraperitoneal or subcutaneous injection, hematoporphyrin 
may soon be found in the stomach and intestine, bile and urine. The blood serum 
at this time contains only a faint trace of hematoporphyrin. 

We thus sec that hematoporphyrin in suitable doses, f>rr sr, produces no marked 
effect when injected into animals. When, however, such animals are exposed to 
sunlight soon after injection of the drug, very characteristic and striking symptoms 
appear which rapidly progress to a state of coma soon ending in death. 

Anatomical studies performed upon such animals reveal no adequate explana- 
tion of the mechanism by which the combined action of light and hematoporphyrin 
produces death. Comparatively little is known of the physiological state of the 
body produced by the combined action of hematoporphyrin and light. As the 
result of a scries of experiments performed »« film, Gaflron (2) has concluded that 
hematoporphyrin acts as a catalyzer which, under the influence of light, causes 
acceleration of oxidation and accordingly rapid consumption of oxygen. 

The following experiments have been performed in the attempt to 
elucidate further the physiological characteristics of the condition 
which has been described as hematoporphyrin shock, as well as to test 
the validity of the theory concerning the nature of the action of 
hematoporphyrin proposed by GafTron (2). 

All of the hematoporphyrin used in these experiments was prepared 
by the well known method of Nencki (3). 

11 (fee l of Feeding Hematoporphyrin. 

An attempt to sensitize white mice to light hy feeding hematopor- 
phyrin was ineffective. 

Four mice were fed upon bread only, soaked in a weak solution of hematopor- 
phyrin and dried. Two of these animals were kept constantly exposed to diffused 
daylight in the laboratory for 2 months, while the other two were kept in the dark. 
Upon numerous occasions during this time all four mice were exposed to direct 
bright sunlight for several hours. No changes in the skin, general appearance 
or bcliavior were noted in any of the four animals. Hematoporphyrin was 
constantly present in the stools but was never found in the urine. 
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The Relationship of the Cutaneous Pigment to the Eject of Hemato- 
porphyrin and Light. 

Since it is well known that exposure to light after injection of hema- 
toporphyrin affects only white animals or those whose skin is slightly 
pigmented, it was of interest to determine whether this protection 
is of purely physical nature or in some other way associated with 
the pigment. 

Albino and slightly pigmented rats and mice were stained a dark blue-black 
color with Verhoeff’s hematoxylin and injected, along with unstained controls, 
with doses of hematoporphyrin adequate to cause death of the controls upon 
exposure to sunlight. A number of both groups of animals were exposed to 
sunlight and the others kept either in the dark or in the subdued light of the 
laboratory. The unstained controls promptly developed hematoporphyrin shock 
when exposed to sunlight, while the darkly stained animals, which had just 
received the same amounts of hematoporphyrin as had the controls, were com- 
pletely protected from the sun’s rays. Repeated exposure of these animals to 
sunlight produced no untoward effects. 

It was clear from this experiment that the same degree of protection 
offered by cutaneous pigment can be produced by staining the skin of 
non-pigmented animals. Accordingly, one seems justified in assum- 
ing that the natural pigment of the skin plays only a physical role in 
the protection of animals injected with hematoporphyrin from light. 

None of the stained or control animals kept in the dark or in subdued 
light showed any changes in their general behavior. Frozen sections 
of the skin of these two groups of animals, as well as those exposed to 
sunlight and normal animals, were made and treated with dioxyphenvl- 
alaninc (Dopa reaction) to see if any alteration in the cutaneous pig- 
ment had been produced by any of these procedures (4). No changes 
of this nature could be demonstrated. 

Sensitizing Eject of the Blood of Animals in Hematoporphyrin Shock. 

It has so far been impossible to demonstrate any sensitizing sub- 
stance in the blood of animals during the period of hematoporphyrin 
shock. 

White mice were injected intrapcritoncally with 1.5 cc., or intravenously with 
i cc. each, of the heart’s blood of guinea pigs drawn at the height of hematooor- 
phvrin shock and kept in diffused daylight. No difference could be seen between 
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the behavior and general appearance of there animal.-, and mice similarly injected 
with an equal amount of normal guinea pip Mood and kept under the same ex- 
perimental conditions. All of these mice were very ill for a few clays following the 
injection, hut recovered. 

Since injection of blond from another species was obviously unde- 
sirable, the sensitizing effect of the blood of animals in hematoporphy- 
rin shock was tested in another way. 

A parabiosis of two young white rats of the same litter and sex war. performed. 
6 weeks after the operation, when both rats were in pood condition, one of these 
animals was injected intravenously with trypan blue. The skin of the non-injectcd 
rat, as well as that of the injected one, soon became colored by the dye, thus proving 
the existence of adequate vascular connections between the circulations of the two 
animals. The first rat was then injected subcutaneously with •! cc. of a 1 per cent 
alkaline solution of hematoporphyrin and exposed to bright sunlight, while the 
second rat was protected from the rays of the sun by a wooden box which was cut 
out on one side so as not to obstruct the blood vessels connecting the circulations 
of the two animals. The injected and exposed rat soon showed the characteristic 
symptoms of sensitization to light, passed into hematoporphyrin shock and died. 
The other animal, protected from the light, showed no changes in appearance or 
behavior. Just before the death of the first rat, the two animals were separated 
and the wound in the side of the unexposed rat dosed. This animal lived and ap- 
peared to be entirely normal during the several months it was kept in the 
laboratory. No pathological changes were found at autopsy. 

Exposure of Ihc Peritoneum to Light after Injection of Tlcmalo porphyrin. 

Two cats of about equal size were used for this experiment. One animal was 
given subcutaneously 15 cc. of 1 per cent alkaline hematoporphyrin and shortly 
afterwards, under ether anesthesia, the peritoneal cavities of both animals were 
opened widely, and exposed to bright sunlight. The peritoneum was kept moist 
with normal saline, and the rest of the body well protected from the light by 
towds. After 3 hours exposure of the peritoneal cavity to sunlight, the cat which 
had been injected with hematoporphyrin died. At this time the peritoneal 
cavity of the control animal, which was still in good condition, was dosed and the 
anesthesia stopped. This latter animal quickly recovered. 

This single experiment suggests that exposure of any other large 
surface of the body to sunlight after the injection of hematoporphyrin 
has the same effect as the exposure of non-pigmented skin. It was 
observed that the serosa of the intestines of the injected cat became 
very pale during the exposure to sunlight, while that of the normal 
animal showed marked hyperemia. 
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Effect upon the Blood Pressure of the Exposure to Strong Light of (a) 
Circulating Blood 'of Normal Animals, (6) Circulating Blood 
after Injection of Hematoporphyrin. 

(a) 

Reed (5), experimenting with normal dogs, reports a marked fall of blood 
pressure, sometimes reaching shock level, upon exposure to strong arclight of the 
blood alone. He interposed a glass tube, 3 mm. in diameter, between the divided 

TABIE I. 


(a) Exposure to Arclight and Sunlight of Circulating Blood of Normal Animals. 
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ends of the carotid artery, and exposed the blood flowing through this tube to a 
beam of light supplied by a powerful carbon arc. In some cases the tube was 
cleaned repeatedly during the experiment, while in others coagulation of the 
blood was prevented by injection of heparin. Reed remarks that the result was 
somewhat modified at times by the use of heparin. 

In repeating Reed’s experiments in slightly modified form upon 
cats and dogs such a great fall in blood pressure as he reports has not 
been observed. 
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In our experiments a quart.: ftl.ir* tube was either inlcrpo.-cd between the ait 
ends of llic divided femoral artery of the anesthetized animal, or it was ii:cd to 
connect the femoral artery and vein. Coagulation of the Mood was prevented by 
injection of heparin, 'flic Mood of cats and do;y. while flowing through such a 
tube was exposed, in some cases, to a cooled beam of light composed of the rays 
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from a 1000 watt carbon arc, and in other instances to sunlight. The mean blood 
pressure was recorded directly from the carotid artery. 

As seen in Table I, there occurred a considerable fall in mean blood 
pressure in all cases except Dog S, in which no fall in pressure followed 
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89 minutes exposure of the circulating blood to direct sunlight. In no 
ins tance, however, did the mean blood pressure fall below 60 mm. Hg. 
In the experiments performed upon Cats 24 and 27, a spiral cannula, 

3 mm in diameter, was used as an exposure chamber for the blood 
instead of the simple glass tube employed in the other experiments. 
In this way, a much larger quantity of blood was constantly exposed. 

From this group of experiments, therefore, it does not seem that 
exposure of the circulating blood alone to strong light produces any 
strikingly greater fall of arterial pressure than might be expected to 
take place following approximately 2 hours anesthesia carried out in 
the ordinary light of the laboratory. 

(b) 

In this group of animals, the preceding experiment was repeated 
immediately after the injection of a sufficient dose of hematoporphyrin 
to sensitize the animals to sunlight should the entire bod}- be exposed. 
In all cases the bodies of the animals, however, were protected from the 
light, and only the blood circulating through the glass tube allowed to 
come in contact with the rays of light. 

The results of this experiment, as summarized in Table II, show that 
in only one instance, Cat 20, did a greater fall of arterial pressure occur 
than took place in the normal animals receiving no injection of hema- 
toporphyrin. In one case eosin, which has sensitizing properties 
similar to those of hematoporphyrin, was injected. None of these 
animals died during the experiment, but were killed when exposure of 
the blood to light was discontinued. 

Changes Produced in Vitro by Light upon Blood Containing 
Ilcmaloporphyriu. 

Though no differences could be elicited between normal animals 
and those injected with a sensitizing dose of hematoporphyrin bv 
exposing the blood flowing through a glass tube to strong light, it was 
not felt that this experiment adequately ruled out the possibility 
that the striking changes occurring in sensitized animals upon exposure 
of the body surface to sunlight, might be associated with changes 
taking place within the blood itself. Accordingly a series of experi- 
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mcnts was performed to tost tin; direct effect of hematoporphyrin and 
sunlight upon blood vitro. 

Blood was obtained from both cats and (logs either by venipuncture or directly 
from the heart and mixed with a small amount of heparin or potassium oxalate to 
prevent clotting. Knelt sample was divided into three equal parts. Ifcmato- 
porphyrin (0.002 gm. to 5 cc. of blood) dissolved in normal saline and a few drops 
of N"/10 sodium hydroxide were added to two of the tubes, while to the third tube 
only similar amounts of saline and n/ 10 sodium hydroxide were added. Tubes 
1 and 3 were exposed either to sunlight or to the well cooled rays of the 1000 watt 
carbon arc. Tube 2 war. always kept in the dark. The blood in Tube 1, contain- 
ing hematoporphyrin, invariably changed to a very dark, brownish red color upon 
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exposure to light, the change becoming more marked as the exposure was pro- 
longed. The blood in Tube 2, containing an equal amount of hematoporphyrin, 
but kept in the dark, showed no change of color. Tube 3, which contained no hema- 
toporphyrin, did not show any change of color even after prolonged exposure to 
bright sunlight. 

It is clear, therefore, that blood to which hematoporphyrin has 
been added changes to a dark, brownish red color upon exposure to 
sunlight, and that no such change occurs if such blood is kept in the 
dark. In the attempt to learn the reason for the striking change of 
color produced by sunlight in blood containing hematoporphyrin, the 
oxygen and carbon dioxide contents, as well the oxygen capacity of 
the three varieties of blood mentioned above were determined by the 
methods of Van Slyke (Tables III and IV). 
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From these two tables it will be seen that a marked d im inution of 
oxygen content and increase of carbon dioxide content regularly 
occurred in the blood of Tube 1, which contained hematoporphyrin 
and had assumed a dark brownish red color upon exposure to sunlight. 
The oxygen and carbon dioxide contents of Tube 2, containing blood 
and hematoporphyrin, which was kept in the dark for the same period 
that Tube 1 was exposed to sunlight, remained essentially the same as 
Tube 3, which contained only normal blood without hematoporphyrin, 
but which was exposed to sunlight along with Tube 1. No changes in 
color were ever noted in Tubes 2 and 3. The oxygen capacity of all 
three samples of blood was always approximately the same. Exposure 


TABLE IV. 

Changes in the Carbon Dioxide Content oj Blood Produced in Vitro by 
Addition of Hematoporphyrin and Exposure to Suidight. 
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of the surface of the blood in the test-tube to the air did not appear to 
influence the character of the changes regularly observed to occur in 
Tube 1 . This was demonstrated by covering the surface of the blood 
in all three tubes with a layer of paraffin oil in about half of the 
experiments. 

Causes for Change in Color oj Blood Containing Hematoporphyrin When 
Exposed to Sunlight. 

It seems clear that the diminution of oxygen and increase of carbon 
dioxide content, which has been shown to take place in blood contain- 
ing hematoporphyrin when exposed to light in vitro , are the principal 
factors which account for the alteration of color of such blood taking 
place under these conditions. Such qualitative changes, however, 
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could hardly he held responsible for the distinct brownish tinge which 
invariably accompanies the darkening in color of such blood. 

It was suspected that the brownish color might be due to the pres- 
ence of mclhcmoglobin, but this was quickly shown to be untrue by 
repeated spectroscopic examinations of different samples of blood in 
which the characteristic color changes had occurred. Jn no instance 
could a trace of mcthemoglobin be detected. 
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After centrifugalization, the plasma of Tubes 1, 2 and 3 showed 
marked differences in color. That of Tube 1 was always very dark 
red, of Tube 2 a much lighter red, while the plasma of Tube 3 showed 
only a reddish tinge. Upon pipetting off the plasma and washing 
the red corpuscles with normal saline solution, the three tubes were 
again centrifugalized. The saline of Tube 1 was dark red, that of 
Tube 2 reddish tinged, while that of Tube 3 was colorless. Upon re- 
peating this process upon the same three samples of red corpuscles, 
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the saline of Tube 1 was still red though of somewhat lighter shade 
than before, while the saline of both Tubes 2 and 3 remained colorless. 

These findings suggested that an increase in fragility of the red 
blood corpuscles occurred in blood containing hematoporphyrin when 
exposed to sunlight in vitro. Fragility tests were accordingly per- 
formed upon the blood of three animals (guinea pigs) to test this 
hypothesis. Each sample of blood was divided into three equal parts 
and subjected to the same procedures as outlined above for Tubes 1, 
2 and 3. The results of this experiment are summarized in Table V. 

As will be seen from Table V, no appreciable difference in resistance 
could be demonstrated in the red corpuscles of the blood which con- 
tained hematoporphyrin and had been kept in the dark, and those of 
normal blood to which no hematoporphyrin had been added and which 
had been exposed to sunlight. On the other hand, a distinct increase 
in fragility of the red cells appeared to have taken place in the blood 
to which hematoporphyrin had been added before exposure to sunlight. 
It is at present not possible to state the mechanism by which this 
fragility of red blood cells is brought about by the combined action of 
hematoporphyrin and sunlight, but it seems clear that this phenome- 
non plays an important role in the staining of the plasma which occurs 
regularly under the above mentioned conditions. 

The brownish tint observed after exposure to sunlight in blood 
containing hematoporphyrin is probably due largely to changes in the 
hematoporphyrin itself. 'When an alkaline solution of this substance 
is exposed to sunlight in a test-tube, its bright red color soon changes 
to a dark, brownish red. This change occurs either in an open test- 
tube. or when the solution is covered with a Laver of paraffin oil to 
protect it from the air. Such a brownish red solution shows a slight 
spectroscopic difference from alkaline hematoporphyrin kept in the 
dark, an extra line appearing in the spectrum between b and c. Its 
physiological action, however, remains unaltered. The minimal lethal 
dose for mice, 0.013 gm., and the amount necessary to fatally sensitize 
mice to sunlight, 0.005 gm.. arc the same as for alkaline hemalopor- 
phvrin in which this change of color has not occurred. 

The Blood Pressure in Hematoporphyrin Shock. 

'1 lie blood pro-ure in the carotid artery of cat 5 , under ether anes- 
thesia, was recorded before, during and after the injection of sensitiz- 
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ing doses of hematoporphyrin and exposure of the a nim als to direct 
sunlight. The crystalline hematoporphyrin -was always dissolved in 
1 to 2 per cent sodium bicarbonate, and 0.1 gm. of hematoporphyrin 
per kilo of body weight injected intravenously or subcutaneously. 

TABLE VI. 


Effect of Exposure to Sunlight upon the Arterial Blood Pressure of Cals Sensitized 

with Hematoporphyrin. 


Animal No. 


Length of time of exposure 

O 

o 

c. 

K 

Mean 1 

press 

o 

sS 

£ a 

JO *“ 

blood 

;ure 

o 

J3 

— rt 

o 

o 

c. 

6 

o 

2 

e 

fa 

Remarks 




n:«. 

nrj. 

Hr 

mrz. 

Hr 

nn. 

Hr 


Cat 1 
(15,508 gm.) 

Jan. 17 

12.30 p.m.- 1.58 p.m. 

11.48 a.m.- 1 . 06 p.m- J 

ss 

150 

40 

no 

Intiaven. inj. 
15 cc. 1% 
hematopor- 
phyrin 

Cat 2 

( 2,050 gm.) 1 

Jan. 31 


78 

1 

120 

50 

70 

Intraven. inj. 
20 cc. 1% 
hematopor- 
phyrin 

Cat 3 
( 2,065 gm.) 

June 16 

10.10 a.m.-10.45 a.m. 

35 

120 

40 

£0 

Subcut. inj. 25 
cc. 1% he- 
matopor- 
phyrin 

Cat 25 
( 1 ,800 gm.) 

May 10 

11 .00 a.m.-12. 15 p.m. 

73 

120 

40 

so 

Subcut. inj. 25 
cc.0.S% 
hematopor- 
phyrin 


After exposure of such an animal to direct sunlight, the respiration 
soon becomes more rapid, and the blood pressure falls steadily. After 
30 to CO minutes the respiration has generally become very deep, slow 
irregular and labored. At thispoint the animal is in sufficiently deep 
coma for the anesthetic to be removed, and after a widely variable 
length of time (a few minutes to an hour or more) dies. The mean 
arterial pressure falls rapidly for a time, until the animal is in com*a 
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and then continues to fall gradually, reaching -10 or 50 mm. just before 
death (Table VI). The rapidity of the appearance of coma and the 
fall of blood pressure seems to be directly proportional to the intensity 
of light and the amount of hematoporphyrin injected. Respiration 
and heart beat cease simultaneously. Typical blood pressure re- 
sponses to vagal and cutaneous stimuli were obtained throughout the 
experiment (Chart 1). 


TAIJLK VII. 


Effect Produced upon the Corber. Dioxide-C rmbini up Pearcr, Oxygen Content find 
Oxygen Capacity oj the Jiloed of Guinea Pigs by Exposure of the Animals 
to Sunlight r./ter Injection oj Hematoporphyrin. 


Norma! animal crpo-ct! to (untight j 

AflSnsft! Injected with hrnafopor* 
phyrin and kept in dark 

■Animal !njrdr/l ni:h hermfopof- 
phyrin and exposed to 'unltghE 

Carbon 

tlioxitlc- 

combininc 

power 

Oiygen 

contrnt 

Oxygen 

capacity 

Carbon j 
dioxide- 
combining 
power 

Own 1 
content 

i 

Oc>T-n 

capacity 

Caftan 
dioxide- ; 
combining j 
rower 

Oryjren , 
content 

Otysen 

capacity 

vet. Cl 

r.V. Cl 

re.'. Cl 

re’. ci 

r a. ci 

t-t. c; 

r V. Cl 

t.'t. Cl 

t.'t. Cl 

•17.5 

14.0 

I c >.5 

•IS. 5 

12.9 

IS. 5 

16.6 

6.5 

MSB 

•10.9 

12.6 

IS. 7 

57.5 

11.5 

18.9 

19.5 

10.5 

mm 

•14.7 

11.8 

IS.S 

58. 5 

15.7 

19.1 

IS. 3 

6.0 

mm 

54.1 




1 

i 


20.2 

9.0 








19. S 




Chemical Changes in the Blood of Animals during Hematoporphyrin 

Shock. 

The following experiments, which were performed upon guinea 
pigs, were repetitions in vivo of the experiments performed in vitro 
upon mixtures of blood and hematoporphyrin already described. 

Three animals were used in each experiment. Two of them were injected with 
a fatal, sensitizing dose of hematoporphyrin. One of these was kept in the dark, 
while the other, along with the third guinea pig, which had received no hemato- 
porphyrin, was exposed to direct sunlight. Neither the injected animal kept in 
the dark, nor the normal guinea pig which was exposed to sunlight, showed any 
alterations in behavior, but tire animal which had received hematoporphyrin and 
was then exposed to sunlight developed the characteristic symptoms of shock 
as produced under these conditions, and soon died. 

Just before the death of this last animal, blood was drawn in a syringe from the 
right ventricles of the hearts of all three guinea pigs, and immediately placed 
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under paraffin oil without coming in contact with the air, coagulation being 
prevented by potassium oxalate mixed with the blood in the syringe. The carbon 
dioxide-combining power, as well as the oxygen content and oxygen capacity of 
each of these samples of blood, was determined. 

In Table VII, it will be seen that there was little or no difference in 
the carbon dioxide-combining power of the blood of normal guinea 
pigs exposed to sunlight and that of animals injected with a fatal sen- 
sitizing dose of hematoporphyrin and kept in the dark. Those animals 
which had received an equal dose of hematoporphyrin and then been 
exposed to sunlight showed a marked reduction in carbon dioxide-com- 
bining power of the blood. No significant difference was found in the 

TABLE VUE 


Effect Produced upon the Non-Protein Nitrogen, Creatinine and Sugar of the 
Blood of Guinea Pigs by Exposure of the Animals to Sunlight after 
Injection of Hematoporphyrin. 


Normal animal exposed to light 

Animal injected with hernato por- 
phyrin and kept in dark 

Animal injected with hematopor- 
phyrin and exposed to light 

Creatinine 

Sugar 

N.F.N. 

Creati- 

nine 

Sugar 

N.P.N*. 

Creati- 

nine 

Sugar 

N.P.N. 





mg. 

ir.g. 

rig- 

rr.g. 

ir.g. 

2.0 




160 

33 

2.3 


26 

1.5 




166 

31 

3.0 


31 

1.3 

154 

32 

2.7 

285 

37.5 

2.5 

166 

35 

2.1 

222 

31.6 




2.3 

106 

42. S 

3.0 

200 

46.1 




1.5 





37.6 








oxygen content of the bloods of normal guinea pigs exposed to sunlight, 
and those injected with hematoporphyrin and kept in the dark. 
Guinea pigs injected with hematoporphyrin and exposed to sunlight 
showed a marked diminution of oxygen in their blood. No change 
could be demonstrated in the oxygen capacity of blood from these 
three types of animals. 

The non-protein nitrogen, sugar and creatinine of the blood taken 
from these three groups of animals were determined, but no significant 
alterations of the amounts of these substances under any' of the 
experimental conditions were found. The results of these studies are 
summarized in Table VUL 
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The red corpuscles and the leucocytes were counted in cats before 
the injection of hematoporphyrin, and during all stages of shock 
experimentally produced by this substance. 'J’hc results of these 
counts have corroborated the observations of other workers. The 
red blood cells, which averaged about S, SOD, 000 per c.rnm. in normal 
cats, showed no significant change during the entire period, which 
began with the injection of hematoporphyrin and ended with death. 
The leucocytes, which averaged about 6,000 per c.rnm. in normal 
animals, gradually increased during the experiment to 15,500 per 
c. mm., and, just before death, rather quickly fell to 4,500 per c.rnm. 
The body temperature was always observed to fall gradually during 
the development of hematoporphyrin shock. In spite of the fact that 
the heat of the sunlight was often very intense, the rectal temperature 
often reached 2S-30°C. just before death. 


SUMMARY. 

The results of these observations may be briefly summarized as 
follows: 

Feeding of hematoporphyrin to white mice over long periods of time 
produced no apparent changes in these animals and had no effect upon 
their sensitivity to light. 

Albino and slightly pigmented mice and rats injected with hemato- 
porphyrin were protected from the rays of the sun by staining them a 
blue-black color with VerhoefT's hematoxylin. The diox} -phenyla- 
lanine (Dopa) reaction revealed no changes in the cutaneous pigment 
of animals injected with hematoporphyrin and exposed to sunlight, 
kept in the dark or diffused daylight. It was therefore assumed that 
the natural pigment of the skin plays only a physical role in protec- 
ting animals injected with hematoporphyrin from sunlight. 

Exposure to sunlight of only the intestine and mesentery of a cat 
under ether anesthesia, which had been injected with hematopor- 
phyrin, was followed by death of the animal. 

Repeated injections into white mice of large amounts of blood from 
guinea pigs in hematoporphyrin shock failed to produce sjanptoms of 
hematoporphyrin shock. In a parabiosis experiment, one of a pair 
of white rats promptly developed characteristic symptoms and died 
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when injected with hematoporphyrin and exposed to sunlight, while 
the other animal, which was protected from light, but whose circulation 
had been demonstrated to connect freely with that of its partner, 
showed no changes during the entire procedure. It has, therefore, 
been impossible, so far, to demonstrate any substance present in the 
blood of animals in hematoporphyrm shock which is capable of re- 
producing this condition in other animals when introduced into the 
circulation. 

Injection of hematoporphyrm followed by exposure of the entire 
animal to sunlight has been found to produce physiological changes 
in cats similar to those observed in traumatic shock. There promptly 
occurred a rapid fall of blood pressure to a very low level and marked 
lowering of body temperature. The venous blood was found to be 
poor in oxygen, rich in carbon dioxide and to show low carbon dioxide- 
combining power. The respiration, which first was accelerated, later 
on became deep and irregular. The reflexes and typical blood pressure 
responses to cutaneous and vagal stimulation could always be ob- 
tained until death. 

Marked diminution of oxygen and increase of carbon dioxide 
content were found to occur in mixtures of blood and hematoporphy- 
rin exposed in vitro to sunlight. These changes in the blood, identical 
with those occurring in vivo during hematoporphyrin shock, support 
Gaffron’s views regarding the effect produced by the combined action 
of hematoporphyrin and light, but do not further elucidate the nature 
of the manner in which such alterations take place. 

Unsuccessful attempts were made to produce, in both cats and dogs, 
physiological changes similar to those observed in hematoporphyrin 
shock by exposing only the blood flowing through a quartz glass 
cannula, connecting the femoral artery and vein, to strong arclight 
and sunlight. In another series of animals, which were first injected 
with hematoporphyrin, exposure of the circulating blood alone to 
arclight or sunlight did not produce hematoporphyrin shock, although 
the blood pressure did fall to an unusually low level in one instance. 

No changes were found to occur in the amount of non-protein 
nitrogen, sugar or creatinine of the blood of animals in hematoporphv- 
rin shock. 
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RECIPROCAL EFFECTS OF CONCOMITANT INFECTIONS. 

I. The Influence oe Vaccinia on the Reaction to 
Ineection with Experimental Syphilis. 

By LOUISE PEARCE, MJD. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, February 10, 1928.) 

The existence of two infectious diseases concurrently in the same 
individual is now well recognized as not infrequent, and it has been 
pointed out, among other interesting observations, that the symptoms 
of each disease may be more severe than when either occurs alone. 
Probably the infections which most often develop concomitantly or 
approximately so, are the acute infections of childhood, as for example, 
scarlet fever and diphtheria, or measles and diphtheria. In other 
infectious conditions, an intercurrent or complicating infection is a 
relatively common occurrence, and again, in such circumstances there 
may be an intensification of symptoms of one or both diseases, as for 
instance in tuberculosis and syphilis, or measles and tuberculosis. 
The unfavorable effect of influenza on certain patients with syphilis 
was shown during the epidemic of 1918 and 1919 in which there were 
many examples of an abrupt and serious change in a previously mil d 
syphilis following an attack of influenza. On the other hand, a pre- 
existing disease may be favorably influenced for a longer or shorter 
time by an intercurrent infectious process, as for example, certain 
types of psychoses including general paresis, or even cases of malignant 
disease. 

No satisfactory explanation of the various effects observed in these 
circumstances has been made, for the lack of accurate information re- 
garding their precise nature has not permitted any but the most 
general statements. It is surprising, in view of the modification of 
symptoms which may occur and the significance which such alterations 
undoubtedly have from the standpoint of the host’s reaction to dLea-e 

that the subject has received comparatively little experimental in- 
vestigation. 
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CONCOMITANT INJECTIONS. I 


Our interest in concomitant diseases arose first during our study of 
experimental syphilis and yaws, particularly with reference to super- 
inoculation and crossed inoculation, and later, in connection with 
a transplantable malignant neoplasm of the rabbit which developed 
in a syphilitic animal. More recently our attention was again 
directed to this subject as a field for experimental investigation 
from observations of a strain of Treponema pallidum, obtained from 
a rabbit found to be also infected with vaccine virus. It became 
evident that this virus was being transferred with the syphilitic 
inocula. The syphilis which developed in rabbits inoculated with 
this material was unusually mild, and this finding was wholly un- 
expected since this particular strain has been carried in rabbits 
for many years and is reported to be capable of inducing a severe 
disease. The possibility that the accompanying vaccinal infection 
contributed to these unforeseen results was naturally considered, 
but the acceptance of such an explanation obviously required ex- 
perimental evidence obtained under properly controlled conditions. 
To this end, several scries of experiments were undertaken in which 
was studied the influence of a vaccinal infection upon the reaction 
to syphilis induced by a strain of T. pallidum, uncontaminated with 
vaccine virus. An extension of the investigation comprised experi- 
ments dealing with the reaction to T. pallidum of rabbits immune to 
vaccine virus. 

The present paper contains the results of experiments in which one 
of the two commonly used routes of syphilitic inoculation was em- 
ployed, namely, the intratcsticular; the vaccinal inoculations were 
made intracutancously on the side of the body. Subsequent papers 
contain the results of experiments in which T. pallidum and vaccine 
virus were inoculated in the same testicle, with observations on the 
syphilitic reaction of rabbits immune to vaccine virus and with the 
results of the intracutancous route of both syphilitic and vaccinal 
inoculations. A summary of the results obtained has already 
appeared (1). 

EXPERIMENTAL. 

Materials and Method. 

Three experiments are reported on the course of syphilitic infection in rabbits 
inoculated simultaneously with vaccine virus and with the Nichols strain of 
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T. pallidum. For comparison, other series were inoculated only with T. pallidum. 
The Noguchi strain of vaccine virus which was used was obtained from a fresh 
testicular lesion; its virulence was controlled by inoculation in normal rabbits 
using the intracutaneous and intratesticular routes as well as applications to 
scarified skin areas. 

The experimental animals were inoculated intracutaneously (0.2 cc.) and on a 
scarified skin area (0.2 cc.) with vaccine virus and immediately thereafter with 
T. pallidum injected into the right testicle. The emulsions used were prepared 
from actively growing testicular lesions and contained from I to 3 spirochetes to 
the microscopic field; each animal received 0.2 cc. 

The rabbits employed were young adult male animals approximately 8 months 
of age. They were placed in individual cages and were divided into 2 groups as 
nearly comparable as possible with respect to age, breed and weight. In each 
experiment, the control group, that is the group inoculated only with T. pallidum, 
comprised 10 rabbits; in the first and second experiments there were 5, and in the 
last, 10 animals in the vaccinated group. 

The dates of inoculations were as follows: November 10, 1926, January 13 
and February 14, 1927. The periods of observation were from 3 to 5 months, 
but for the purpose of comparing the results of the 3 experiments one with another, 
the data obtained during the first 3 months following inoculation have been used. 

In these experiments special attention has been given to the time and frequency 
of occurrence and to the duration of successive phases of the reaction to syphilitic 
infection with a view to reducing the comparison of results to as quantitative a 
basis as possible. The particular conditions chosen for comparison were, (1) the 
incubation time of primary lesions, (2) the time and frequency of the occurrence 
of a critical edema in the inoculated testicle, (3) the time and frequency of occur- 
rence of lesions in the uninoculated testicle (metastatic orchitis), (4) the time and 
frequency of occurrence of generalized lesions in the skin and mucous membranes, 
bones or eyes, (5) the number of foci affected by such lesions, (6) the proportion 
of animals that showed complete healing of all lesions during the 3 months obser- 
vation period. 

It should be noted, in discussing time relations of the various reactive phenom- 
ena, that there is a basic tendency toward the preservation of a uniform interval 
of time between the occurrence of successive reactions in syphilitic rabbits. 
With the Nichols strain of T. pallidum as carried in our laboratory', the reaction 
interval is approximately 2 weeks. In these experiments, as stated above, the 
Nichols strain was used, but the particular line from which the present substrain, 
as it may be termed, was derived had been transferred under somewhat different 
conditions from those employed with the parent strain. It was not known at the 
time this work was started, however, that the infection induced by this substrain 
would differ in any essential respect from that of the parent strain, but the results 
of these and other experiments have shown certain peculiar features of the syphilitic 
reaction, notably a delay in the development of a metastatic orchitis and an un- 
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usually early appearance of generalized lesions. These peculiarities in the be- 
haviorof the strain must he taken into account in analyzing the results obtained. 

The methods employed for recording results require little explanation. The 
term "focal distribution” or "focal incidence” as applied to generalized lesions 
refers to the number of discrete foci at which lesions developed as determined by 
actual count. The figures for actual distribution arc the mean values for those 
animals of a group that actually developed generalized lesions, while the figures 
for relative distribution give the results in terms of the entire group. This 
distinction is made in order to permit comparison of the extent of the lesions ir- 
respective of the number of animals affected and at the same time to avoid any 
erroneous impression that might arise from the chance occurrence of an occasional 
ease of severe syphilis in any group of animals. 

Results . 

The results of the experiments are recorded in Tables I, II and III 
and in Text-figs. 1 and 2. It will be noted that the figures given in 


TAltLE i. 

Incidence of the Various Phenomena of the Syphilitic Injection and the Fecal 
Distribution of Generalized Lesions. 


Experiment 

Antm.nl 

group 

No. of 
rabbits 

Primary 

archill.. 

IMtma of 
inoculated 
testicle 

Metastatic 

orchitis 

OeneraliaecI lesions 

Incidence 

Foc.nl 

distribu- 

tion 

Focal 

distribu- 

tion 




t<r ctnl 

}tr cent 

per cent 

per cent 

actucl 

riialhe 

I 

c 

10 

100.0 

■ip* 

100. 0 

100.0 

9.8 

9.8 


V V 

5 

100.0 

■ 

100.0 

100.0 

22.2 

22.2 

II 

c 

10 

100.0 

1 50.0 

90.0 

70.0 

7.0 

4.9 


VV 

5 

100.0 

40.0 

so.o 

100.0 

14.4 

14.4 

III 

l c 

10 

i 100.0 

70.0 

90.0 

90.0 

S.4 

7.6 


V V 

10 

100.0 

44.4* 

S8.S 


16.3 

16.3 

Mean values 

c 

BS 

100.0 

00.0 

93.3 

S6.7 

S.6 

7.4 


VV 

El 

100.0 

52.6 

89.5 

100.0 

17.4 

17.4 


C = controls; VV = animals inoculated with vaccine virus. 

* One animal in this group which developed edema died shortly thereafter; 
its inclusion would bring the incidence of edema to 50.0 per cent. 
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Tables I and II and in the text-figures represent group values. In 
Text-fig. 1, the detailed results are presented graphically in 3 charts 
in order to show the entire sequence of events from the development 
of the first or primary lesions to the appearance of the last generalized 
lesions; the abscissse represent the time after inoculation in days. 
These curves also illustrate an important feature of the syphilitic 
reaction, namely, that while these events occur successively, they also 
overlap each other to some extent. In order to simplify the reading 
of the charts, a division of the curves has been made at the 35th day 


table n. 

Mean Time of Occurrence of the Various Phenomena of the Syphilitic Infection as 
Estimated in Days from the Dale of Inoculation. 


Experiment 

Animal 

group 

Primary 

.orchitis 

Edema of 
inoculated 
testicle 

Metastatic 

orchitis 

Generalized lesions 

First 

Last 

Mean of 
all 



days 

days 

days 


days 

days 

i 

c 

12.8 

31.0 

46.5 


78.8 

62.8 


vv 

12.4 

23.5 

40.4 


95.0 

62.7 

n 

c 

22.9 

40.4 

61.8 

62.0 

80.4 

67.4 


vv 

23.6 

31.0 

58.5 

63.4 

87.4 

75.9 

m 

c 

12.2 

33.9 

45.3 

47.6 

67.6 

55.0 


vv 


25.3 

43.0 

43.4 

80.1 

59.6 

Mean values 

c 

15.8 

34.7 

51.0 

51.6 

75.1 ; 

61.0 


V V 

15.7 

25.7 

45.9 

48.1 

88.6 

i 

64.0 


as indicated by arrows, and the curves representing the incidence and 
focal distribution rates of generalized lesions have been separated from 
the others. The time of appearance or the distribution of generalized 
lesions is shown by the curves in Text-fig. 2 in which a time interval 
of 4 days has been used. Table HI contains the total number of 
generalized lesions. In the following discussion, mean values have 
been used for the most part since the results of the individual experi- 
ments arc in essential agreement one with another. 
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TAIJI.K III. 


Time of Appearance of the Generalized Lesions as Estimated frev: Ike Date of 

Inoculation. 



Kx(*r!mrnt I 

Kip'r! 

rtrr.t If 

■Kip 

m 

Time 

interval 

■ex 


So. of I'tigat 

■BOSOM 


c 

(10 rabbits) 

V V 

(J rabbits) 

c 

(10 rabbits) 

V V 

(i rabbits) 

c 

(10 rabbi!'.) 

vv 

(9 rabbits) 

days 







35 

0 

1 

0 

0 

0 

0 

37 

0 


0 

0 

1 

1 

39 

0 

6 

0 

0 

0 

0 

41 

1 


1 

0 


3 

43 

3 

1 


0 


4 

45 

o 

0 

0 

0 


4 

47 

19 

6 


0 

1 

0 

49 

3 

17 

0 

0 

9 

20 

51 

0 

1 

0 

0 

IS 

9 

53 

6 

13 

0 

0 

12 

13 

55 

5 

16 

0 

0 

5 

13 

57 

11 

1 

4 

2 

0 

3 

59 

0 

0 


5 

0 

14 

61 


6 


6 

0 

0 

63 


0 


0 

10 

34 

65 


3 


1 

1 

5 

67 

0 

3 


3 

3 

0 

69 

1 

0 


0 

0 

3 

71 

0 

0 


7 

3 

4 

At >• 

/o 

0 

11 

0 

S 

1 

1 

75 

16 

3 

1 

0 

0 

1 

77 

8 

2 

0 

2 

3 

1 

79 

0 

2 

0 

10 

0 

4 

81 

0 

3 

4 

11 

0 

0 

83 

2 

0 

0 

0 

0 

1 

85 

0 

3 

0 

17 

0 

0 

87 

0 

1 

2 

0 

0 

2 

S9 

1 

6 

0 

4 

0 

0 

91 

5 

6 

3 

6 

0 

5 

Total 

98 

111 

49 

72 

76 

147 
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DISCUSSION. 

The purpose of this investigation was to determine whether a con- 
comitant vaccinal infection would influence the reaction to experi- 
mental syphilis. It should be kept in mind that in the experiments 
reported in the present paper, the inoculation of both viruses was made 
at the same time but at different sites — the vaccine virus intrader- 
mally on the side of the body and T. pallidum in one testicle. The 
results obtained have been analyzed in terms of various reactive phe- 
nomena in accordance with the general principles that govern the 
evolution of syphilitic infection (2, 3) and in the following discussion 
these phenomena are taken up in the order of their occurrence, so that 
the picture of the disease as it developed may be more readily 
visualized. 

Incidence of Primary Lesions and Incubation Period . — All rabbits 
in these experiments developed primary lesions (Table I; Text-fig. 1), 
and there was practically no difference in the length of the mean 
incubation period between the vaccinated and control groups, that is 
15.7 and 15.8 days (Table II). It will be noted that all incubation 
periods for the first and third experiments were essentially the same, 
12.0, 12.2, 12.4 and 12.8 days, while those of the second were prolonged 
to 22.9 days in the case of the controls and to 23.6 days for the vac- 
cinated group. As will be seen later, the magnitude of these values 
are indicative of the general character of the disease that prevailed, 
that is, it was much less severe in the second than in the first or third 
experiment. 

It is evident from these findings that the concomitant intradermal 
inoculation of vaccine virus did not influence either the incidence of 
the primary syphilitic reaction or the time of its development as 
determined clinically by palpation. 

Critical Edema. While the occurrence of a critical edema in an 
inoculated testicle or in association with other syphilitic lesions is a 
variable phenomenon, it has an important significance as indicating 
an intense reaction; it usuaUy marks the end of a local reaction either 
temporary or final. 

1 he mean values of the incidence of edema in the inoculated testicle 
were essentially the same for the controls and the vaccinated animals, 
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that is 60.0 and 52.6 per cent respectively, hut tlic incidence in indi- 
vidual experiments was variable (Table I and Text-fig. 1). In the first 
experiment in which the disease was very severe there was a higher 
frequency in the vaccinated than in the control groups, but this order 
was reversed in the third experiment with a disease of somewhat less 
severity, while in the second in which a relatively mild syphilis pre- 
vailed, there was little difference between the 2 groups. 

The time at which edema occurred, however, indicates very clearly 
the more prompt reaction of the vaccinated animals as shown by the 
mean values calculated from the time of inoculation, that is 28.6 for 
the vaccinated and 31.7 days for the control group (Table II). The 
results of individual experiments were similar, the difference in time 
between vaccinated and control groups being 7.5, 9.4 and 8.6 days 
respectively. In addition, it should be pointed out that there was a 
closer agreement in the time of development of edema among individual 
animals of cadi vaccinated group than among the controls as shown by 
the curves of Text-fig. 1. In the control groups, there were 2 rabbits 
each in the first and third and 1 in the second experiment in which an 
edema of the inoculated testicle was considerably delayed. And 
although the group and mean time values arc obviously influenced 
by these particular animals, still their omission does not disturb the 
order of group values as shown by the following figures: 


Experiment 

'‘Corrected" controls 

Vaccinated 

No. of rabbits 

Edema i 

N"o. of rabbits 

Edema 



days 


days 

I 

4 

26.3 

4 

23.5 

II 

4 

36.3 

2 

31.0 

III 

5 

26.3 

4 

25.3 

Mean values 

13 

29.5 

10 

25.7 


An idea of the progress of the reaction is also obtained by estimating 
the time of appearance of edema from the incubation period of the 
primary lesion instead of from the date of inoculation, as has been done 
in the table at top of following page. 
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From Incubation. 


Experiment 

All controls 

“Corrected” controls 

AD vaccinated rabbits 


days 

days 

days 

i 

18.2 

13.5 

n.i 

n 

17.5 

13.4 

7.4 

m 

21.7 

14.6 

13.3 

Mean values 

18.9 

13.7 

10.0 


A comparison of these values brings out very clearly the fact that 
there was a more prompt reaction to the syphilitic infection in the 
vaccinated tha n in the control rabbits irrespective of whether all con- 
trols are included in the comparison or- only those animals in which 
the development of edema was not delayed. 

As has already been mentioned, the usual time interval between the 
occurrence of successive reactions with highly virulent strains of 
T. pallidum is 2 weeks. The above table shows that with respect 
to the interval between the incubation period of the primary lesion and 
the critical edema, the majority of controls conformed to this value 
(13.7 days), while it was somewhat lengthened in the case of all 
controls (18.9 days). With the vaccinated animals, on the other 
hand, this interval was shortened to the unusually short time of 10.0 
days. 

The essential point to be remembered with respect to the phenome- 
non of critical edema is the earlier time in which this reaction occurred 
in the vaccinated groups as compared with the controls of these 
experiments, bearing in mind that this interval in the controls w r as 
not shorter than that usually seen in rabbits infected with the Nichols 
strain. 

Metastatic Orchitis. —Oncol the most characteristic and regular phe- 
nomena of the syphilitic reaction is the occurrence of a metastatic 
orchitis in the uninoculated testicle which with a disease of well 
marked severity develops approximately 6 weeks after inoculation. 

The incidence of a metastatic orchitis in the control and vaccinated 
groups of the present experiments was the same, as is shown in Table 
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I and Text-fig. 1. It occurred in all animals of both groups in the 
first experiment in which a disease of marked severity prevailed, while 
it was not detected in 1 animal each of the vaccinated and control 
groups of the second and third experiments in which the disease was 
less pronounced. 

With respect to the time at which a metastatic orchitis developed, 
the vaccinated groups showed a more prompt response (Table II). 
The mean values reckoned from the day of inoculation were 51.0 
days for the controls and 45.9 days for the vaccinated animals. 
These mean values are higher than those ordinarily seen with strains 
of high virulence, owing largely to the prolonged reaction time ob- 
served in the second experiment. But in this experiment as well as 
in the others, an orchitis of the uninoculatcd testicle occurred earlier in 
the vaccinated than in the control groups, the difference in time being 
3.1 days in the second, 6.1 days in the first and 2.3 days in the third 
experiment. Moreover, as shown in Text-fig. 1 it uniformly occurred 
sooner in the vaccinated group than in the controls in the first experi- 
ment, and so too with most of the animals in the third experiment. 
In the second experiment, however, as might be expected with a mild 
disease, the lesions developed irregularly with no definitely defined 
group difference. 

The results bearing on the development of a metastatic orchitis 
with respect to the time values of the previous reactions, that is to 
say, the incubation period of the primary lesion and the critical edema 
arc shown by the following figures: 


From the Incubation Period. 


Experiment 

l 

Controls 

Vaccinated rabbits 


days 

days 

I 

33.3 

2S.0 

II 

38.9 

34.9 

in 

33.1 

31.0 

Mean values 

35.2 

30.2 
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From the Critical Edema. 


Experiment 

Controls 

‘ * Corrected ” con trob 

Vaccinated rabbits 


Jays 

days 

days 

i 

15.2 

20.2 

16.9 

h 

21.4 

25.5 

27.5 

in 

11.4 

18.5 

17.7 

Mean values 

16.3 

21.7 

20.3 


With the Nichols strain, the interval between the development of a 
metastatic orchitis and the incubation period of the primary orchitis 
is usually from 4 to 5 weeks. In the case of the first and third vac- 
cinated groups as well as with the mean value for the 3 groups this 
interval was actually or approximately 4 weeks, while the average 
intervals for the individual control groups as well as the mean value 
were approximately a week longer. Comparisons based upon the 
interval between the occurrence of the critical edema and the develop- 
ment of the metastatic orchitis are less satisfactory with group than 
with individual animals because of the variability in the incidence and 
time of occurrence of this phenomenon. In the present instance, if 
the comparison includes all control animals that developed edema, the 
interval is considerably shortened, owing to the delayed ed ema of 5 
rabbits, and the resulting mean and individual group values are con- 
sequently smaller than the corresponding ones for the vaccinated 
animals. But with the omission of these 5 rabbits (“corrected” 
controls), this interval between edema and metastatic orchitis is 
slightly shorter in the vaccinated than in the control groups of the 
first and third experiments. It is slightly longer in the second ex- 
periment, a discrepancy which may be explained by the difference in 
the number of animals in the control (corrected) group which de- 
veloped edema— that is 4 as contrasted with 2 in the vaccinated 
group. Such small differences, however, are of interest only in that 
they arc in agreement with other results. 

From the above analyses of the results obtained in connection with 
the incubation period of the metastatic orchitis with reference to the 
time of inoculation as well as from the time relations between its oc- 
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currcncc and that of preceding reactive phenomena, it is clear that 
the reaction to the syphilitic infection as measured by the phenomena 
of a metastatic orchitis was more prompt in rabbits which were 
vaccinated with vaccine virus coincidently with the inoculation of 
T. pallidum than in control animals. It will be recalled that a similar 
result was obtained in connection with the preceding phenomenon of 
a critical edema. 

Generalized Lesions.- - The phenomenon of generalized lesions is 
the most indicative single basis for estimating the character of the 
reaction to syphilitic infection. The occurrence or non-occurrence of 
generalized lesions, the time of their appearance, and the duration of 
the period of active development, their number, extent, character 
and persistence are essential features of this phase of the disease which 
can be employed in analyzing its character. The disease exhibits a 
well recognized variability in all these respects, but it is usually 
comparatively constant under a given set of conditions. 

In the present experiments, a large number of control animals de- 
veloped generalized lesions, S6.7 per cent, but this was surpassed by 
the vaccinated groups with the unusually high incidence of 100.0 per 
cent (Table I). As has been mentioned before, the disease in the 
first experiment was very severe, in the second, comparatively mild, 
while in the third it was quite severe, and these differences are indi- 
cated by the incidence of generalized lesions in the control groups, 
namely, I, 100.0 per cent; II, 70.0 per cent; III, 90.0 per cent 
(Table I), but irrespective of these variations, generalized lesions 
occurred in every vaccinated rabbit. 

In addition, an extremely large number of lesions developed in the 
vaccinated animals, the mean actual and relative distribution rates 
for the vaccinated groups being 17.4 as compared with control rates 
of S.6 and 7.0 (Table I). Results of similar orders of magnitude were 
obtained in individual experiments. The extent of the differences 
between the vaccinated and control groups in this respect is better 
appreciated by estimating the focal distribution rates of the vaccin- 
ated groups in percentage terms of control values, as has been done 
in the table at top of following page. 
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Experiment 

Actual rate of control \ alues 

Relative rate of control values 


per coil 

per cent 

i 

+122.4 

+122.4 

n 

+ 132.9 

+230.6 

hi 

+94.1 

+114.5 

Mean values 

+102.3 

+148.6 


These figures demonstrate in a striking manner that the so called 
generalized phase of the syphilitic infection as measured by the actual 
number of lesions detected was much more pronounced in the animals 
which received an intracutaneous injection of vaccine virus at the 
time of intratesticular inoculation with T. pallidum than in the 
controls. 

The time at which generalized lesions developed is another point of 
comparison in which the vaccinated rabbits differed from the controls. 
Reckoned from the day of inoculation, as has been done in the analyses 
summarized in Table II, the mean time of the appearance of the first 
generalized lesions in the vaccinated groups antedated that of the 
controls by 3.5 days, while the mean time of the last lesions to develop 
was 14.5 days later in the vaccinated than in the control animals. 
These differences as well as those obtaining in individual experiments 
are shown in the following table in which a minus or a plus sign indi- 
cates a shorter or a longer time than that for the controls. 


Difference in Time of Appearance of Generalized Lesions of Vaccinated Groups as 
Compared with Controls. 


Experiment 

First lesion 

Last lesion 


days 

days 

i 

-6.8 

+17.2 

n 

+ 1.4 

+7.0 

m 

(-2.1)* 


-4.2 

+12.5 

Mean values 

“3.5 

+ 13.5 


(-3.9)* 



early lcs'cT 0l3tainctl **}' omit tmg one control animal with a single precociously 
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Although the differences with respect to the hist lesions arc more 
striking than those for the first, still the first differences demonstrate 
the significant fact that the reaction time of the vaccinated groups in 
regard to another phenomenon of the syphilitic infection, that is to 
say, the development of generalized lesions, continued to he in ad- 
vance of that of normal animals as was seen with the earlier phenomena 
of critical edema and metastatic orchitis. It should be mentioned 
that the corrected figure for the time difference in the second experi- 
ment is a fairer expression of the group picture than the uncorrcctcd, 
as will be seen by referring to Text-tig. 1. That the severity of the 
disease prevailing in different experiments is an important factor 
in influencing the extent or range of the results obtained is well 
illustrated by the relative magnitudes of the values for the first and 
last lesions in the above table, the highest values being found in the 
first experiment in which the most severe disease prevailed, while the 
lowest occurred in the second with a comparatively mild disease. 

From what has been said regarding the time of appearance of the 
first and last generalized lesions, it is obvious that the period of active 
development of this important phase of the disease was considerably 
longer in the case of the rabbits which received vaccine virus. The 
extent of these differences is strikingly brought out by the following 
comparison: 


Period of Active Development of Generalized Lesions. 


Experiments 

Controls 

Vaccinated 

Increase of v 

accinatcd groups 


days 

days 

days 


per cent 

I 

30. S 

53. S 

+23.0 

or 

74. S 

II 

18.4 

24.0 

+ 5.6 

or 

30.5 


(14.9)* 


(+9.1)* 

or 

(61.0)* 

III 

20.0 

36. 7 

+ 16.7 

or 

S3. 5 

Mean values 

mgnrjm 

40.5 

+ 17.0 

or 

72.3 


msoi 


(+17.4)* 

or 

(75.3)* 


* These values were obtained by omitting 1 animal with a precocious lesion, 
as explained in theforegoing text. 


These figures show that in each experiment the period of active de- 
velopment of generalized lesions was much longer in the vaccinated 
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than in the control animals. The percentage increases in time of the 
first and third experiments, 74.8. and 83.5 per cent, are of the same 
order of magnitude as the mean value of 72.3 per cent. In the case 
of the second experiment, the increase of 30.5 per cent is considerably 
smaller, but the corrected figure of 61.0 per cent is comparable to the 
others; and as has already been mentioned, the corrected figure is more 
representative of the group as a -whole. 

In round numbers, the mean value of the duration of activity as 
regards generalized manifestations was 3 weeks in the case of the 
controls and 6 weeks in the case of the vaccinated animals. There 
was comparatively little difference between the 2 groups, however, 
in regard to the mean time of appearance for all generalized lesions 
reckoned from the day of inoculation, that is 61 and 64 days for the 
controls and vaccinated groups respectively (Table II) ; and a similar 
result is obtained if the interval is estimated from the incubation time 
of the primary orchitis. But if the comparison is made from the time 
of the reactive phenomenon immediately preceding the appearance of 
generalized lesions, namely, the development of a metastatic orchitis, 
the difference between the 2 groups is well shown. The results of 
these 2 analyses appear in the following tabulations : 


From Primary Orchitis to Mean Time for All Generalized Lesions. 


Experiment 

Controls 

Vaccinated 


days 

days 

i 

50.0 

50.3 

ii 

44.5 

52.1 

in 

42.8 

47.6 

Mean 

45.8 

50.0 


From Metastatic Orchitis to Mean Time for All Generalized Lesions. 


Experiment 

Controls 

Vaccinated 


days 

days 

i 

16.3 

22.3 

h 

5.6 

17.2 

hi 

9.7 

16.6 

Mean 

10.5 

18.7 

„ _ 
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Both these comparisons of time reactions show the existence of a 
longer interval between the dale of the previous reactive phenomena 
and the mean time of appearance of all lesions in the case of the vac- 
cinated animals as compared with the controls, hut the difference is 
greater with respect to the phenomenon immediately preceding the 
development of generalized lesions, namely, the metastatic orchitis. 
From the various analyses of the results already presented, it is evident 
that, this second comparison is more indicative of the general character 
of the disease prevailing in the 2 groups than in the first, and it illus- 
trates one of the biological principles governing syphilitic infection, 
namely, that the character of any reaction is closely connected and, 
indeed, is particularly dependent upon the nature of the preceding 
reaction. In addition, the foregoing tables bring out the fact that, 
as regards these time relations, the vaccinated groups were more 
uniform than the controls, and this was to he expected under the con- 
ditions of relatively uniform disease severity prevailing in the 
vaccinated animals. 

Neither of these comparisons involving the mean time of appearance 
for all generalized lesions, however, shows a marked divergence be- 
tween control and vaccinated groups, and this is largely due to the 
small difference between these mean values. The differences that 
exist in the actual distribution of lesions in the vaccinated as compared 
with the control animals, however, are shown in the distribution curves 
of the times at which new lesions appeared (Text-fig. 2). A time in- 
terval of 4 days has been chosen in plotting these curves to obviate 
some of the irregularities associated with shorter periods, as shown 
in Tabic III which lists the total number of lesions in 2 day intervals. 
The relative rather than the actual number of lesions has been used 
because of the difference in number of animals in the groups of the 
first 2 experiments, so that in addition to the time distribution of 
lesions, the height of the curves gives an idea of the severity of the 
disease as measured by the numerical distribution of lesions in the 
order of their appearance. 

Although the 3 sets of curves show certain dissimilar features due 
largely to the different character of the disease prevailing in individual 
experiments, those representing the vaccinated animals are in remark- 
able agreement as regards their general levels which are much higher 
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throughout than the control curves. For the most part, the fluctua- 
tions of the two curves in the first and third experiments, in which the 
disease was pronounced, occur in the same time interval, showing that 
in general the reaction of the vaccinated group had not been altered 
as regards the time of appearance of generalized lesions, but the much 
greater height of the curve for the vaccinated animals shows that the 
intensity of the reaction was profoundly affected as measured by the 
number of lesions which developed. There were three outstanding 
exceptions, however, to the synchronous time reaction of the vaccinated 
animals as compared with the controls. In the first experiment in 
which the most severe disease prevailed, the first generalized lesions 
appeared earlier in the vaccinated than in the control animals. In 
the second experiment many lesions developed in the vaccinated 
rabbits during the last 4 weeks of the observation period, while there 
were extremely few among the controls, and in the third, lesions were 
developing in the vaccinated animals when the period of observation 
was discontinued, although no lesions had appeared in the controls 
for the preceding 2 weeks. 

Without analyzing these curves in detail, it is apparent that with a 
syphilitic disease of varying degrees of severity, it has been possible 
to increase the numerical distribution of generalized lesions and to 
prolong the period of active development of lesions over and beyond 
that of normal animals by means of an intracutaneous inoculation with 
vaccine virus made at the time of an intratesticular inoculation with 
T. pallidum. The general schedule of the times at which lesions first 
appeared, however, was not appreciably disturbed except in the ex- 
periment in which the disease of the control animals was mild, and 
this exception should be especially noted. The two curves of the 
second experiment are similar in their first portion, the peak of both 
occurring in the 60 day interval. The control curve then falls to the 
base line (72nd day) and practically continues there, while there are 
two high peaks in the vaccinated curve occurring in the 72nd and 84th 
day intervals, and at no time does it reach the base line. Furthermore, 
the second of these two peaks is higher than the first, showing that a 
greater number of lesions first appeared late in the course of the 
disease. Such an occurrence is unusual and indicates that earlier 
reactions were not sufficient to prevent the development of additional 
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and numerous late lesions; in the case of the control animals, as shown 
by the curve, an apparently similar early reaction was sufficient. 
Jn the third experiment, the second pea): of the vaccinated curve 
closely follows the first, and apparently the reaction associated with 
such a shower of lesions was sufficient to prevent the later development 
of numerous lesions, although it should he noted that at its end, the 
curve rises abruptly to an appreciable height indicating that a number 
of generalized lesions were continuing to appear. In the first experi- 
ment, the curve of the vaccinated animals is a marked exaggeration 
of the control curve. It will be noted that the peak of the control 
curve in the 72nd day interval follows a long period (from the -10th day) 
in which many generalized lesions developed continuously at a fairly 
uniform rate and that there was not an early and relatively short 
period of marked eruptive activity which ordinarily would not be 
followed by successive periods of lesion development. 

Recovery. — The last phase of the syphilitic reaction to be considered 
is that of complete resolution and healing of all lesions within the 
3 months period of observation. Under ordinary circumstances, cer- 
tain rabbits show no lesions by this time; in others residual lesions, 
usually of the genitalia, remain, while some animals continue to show 
active generalized manifestations. In the first and second experi- 
ments, the resolution of lesions was delayed, owing in one instance 
to the severity of the infection, and in the other to the late develop- 
ment of lesions and the consequent prolongation of the time of reso- 
lution and healing as reckoned from the day of inoculation. The 
condition of the lesions at the end of the observation period, therefore, 
has been described as follows: healed, not healed and active. The 
comparison of the vaccinated and control animals upon this basis 
gives the results, expressed in per cent, as shown on following page. 

These figures show that the vaccinated animals differed markedly 
from the controls in the final phase of the syphilitic reaction, and 
furthermore, that the character of the difference was in accord with 
what was observed in earlier phases of the reaction. In the great 
majority of vaccinated animals, S9.5 per cent, the reaction to the syph- 
ilitic infection had not ceased at the end of the observation period, 
for lesions not only continued to be active, but as lias already been 
mentioned, fresh lesions were developing in many animals. On the 
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other hand, only 26.7 per cent of the controls showed a comparable 
state of lesion activity, the majority of the animals having entered 
upon the phase of resolution. 


Final Condition of the Lesions. 


Experiment 

Healed 

Not healed 

Active 


fer ctr.l 

fer ctr.l 

per ctr.l 

I Controls 

10.0 

so.o 

40.0 

Vaccinated 



100.0 

II Controls 


60.0 

40.0 

Vaccinated 


20.0 

SO.O 

III Controls 


100.0 


Vaccinated 


11.2 

SS.8 

Mean values Controls 

Vaccinated 

3.3 

70.0 

10.5 

26.7 

89.5 


At this point, something should be said of the general character of 
the lesions. It is well recognized that in a group of 5 or 10 rabbits, 
there is an individual animal variation as regards size, consistency 
and destructiveness of both genital and generalized lesions, which fea- 
tures are, of course, associated with the duration and degree of active 
development and persistence of lesions. In the present experiment, 
variations in these respects occurred in individual rabbits of both the 
control and the vaccinated groups, but in general, it may be said 
that both the genital and generalized lesions of the vaccinated animals 
were larger, more destructive and persisted longer than those of the 
controls. This difference was particularly striking in the case of scro- 
tal chancres, and of bone and periosteal granulomata. 

The disease which was observed in this investigation presented 
certain peculiar and uncommon features, especially of time reactions 
and of lesion type, which should be referred to, as they must be kept 
in mind in appraising the experimental results obtained. For example 
the de\ clopment of the metastatic orchitis was delayed while general- 
ized lesions appeared unusually early, so that the two reactions 
occurred within a few days of each other instead of being separated 
by the usual interval of approximately 2 weeks. As a matter of fact, 
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in approximately one half of the total number of both the control and 
vaccinated animals, the appearance of generalized lesions preceded the 
detection of the metastatic orchitis by a few days, or both reactions 
were observed to occur on the same day as is shown in the following 
table: 


A ppairav.rc of :z‘\l Issiom in Rtlntion to Metastatic Orchitis, 


Control* 

r.jrSVr 

Kimc <! \y 

Total 


ft' cent 

f** (tnl 

pff cr*\\ 

I 

■10.0 

20.0 

60.0 

11 

.10.0 

10.0 

•10.0 

III 

■10.0 

10.0 

50.0 

Mean values 

.16.7 

13.3 

50.0 

Vaccinated 




I 

20.0 

20.0 

■10.0 

II 

20.0 


20.0 

111 

33.3 

. 3 

66.7 

Mean values 

31.6 

21.1 

52.7 


These figures, as well as the time intervals between the development 
of the metastatic orchitis and the appearance of the first generalized 
lesions (Table II) indicate that an intracutancous inoculation of vac- 
cine virus coincident with the intratcsticular inoculation of T. pallidum 
did not affect this peculiar feature of the disease. 

The infection w r as further characterized by an unusually high 
preponderance of bone lesions and a relatively low number of skin 
lesions. Up to a certain point, such a distribution is to be expected, 
for numerous and severe cutaneous manifestations do not usually 
develop in animals in which previous bone involvement has been 
extensive. But this relationship docs not obtain in cases of very 
severe or malignant syphilis which are characterized by numerous 
extensive and persistent lesions of both bone and skin and frequently 
of other tissues as well. In the first experiment, there were many 
instances of syphilis which could be called malignant judging from the 
character of genital and bone lesions, and in the second, there were 
several which approached this state, but nevertheless, there were 
comparatively few cutaneous manifestations, other than those of the 
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scrota which are not usually included among generalized or secondary 
lesions. This aspect of the infection is illustrated by the following 
table: 


Relation of Skin and Bone Lesions. 


Experiment 

Total 

Relative Xo. 

Bone 

Relative Xo. 

Skin 

Relative 

Xo. 


Per cent 
of total 

i 

Controls 

9.8 

9.1 

0.7 

or 

7.14 


Vacdnated 

22.2 

20.0 

2.2 

or 

9.09 

n 

Controls 

4.9 

3.6 

1.3 

or 

26.53 


Vacdnated 

14.4 

14.0 

0.4 

or 

2.77 

m 

Controls 

7.6 

7.5 

0.1 

or 

1.32 


Vacdnated 

16.3 

15.6 

0.7 

or 

4.29 

Mean values 

Controls 

■a 

■a 

0.7 

or 

9.44 


Vaccinated 

■ i 

Bill 

1.0 

or 

5.75 


The relatively large proportion of skin lesions in the control animals 
of the second experiment is apparently out of harmony with the 
findings in both groups of the first and third series. However, if the 
values for individual experiments are tabulated in the order of the 
severity of disease, the situation becomes somewhat dearer: 


Experiment 

Controls 

Vaccinated 


Per cml 

Percent 

i 

7.14 

9.09 

hi 

1.32 

4.29 

ii 

26.53 

2.77 


This arrangement shows that for all vaccinated groups and for the 
first and third control groups, the proportion of skin to total secondary 
lesions follows a consistent numerical relation as regards the different 
levels of disease severity in the 3 experiments, and furthermore, 
that in the second experiment in which the infection was less marked 
than in the others, the proportion of skin to total lesions was not 
disturbed in the vacdnated animals. In the second control group, on 
t c other hand, there was a relatively large number of cutaneous 
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manifestations hut these were preceded by comparatively few bone 
lesions, a finding which was absent in the corresponding vaccinated 
group as is shown in the following table: 


Relative A ’ umber of /lour Issiont. 


r.xjvrimfnt 

Con? mb 

Viccin.itfc! 

i 

9. 1 

20.0 

in 

7.5 

15.6 

ii 

3.6 

14.0 


It is evident from these figures that the numerical relationships 
of bone and skin lesions in the second vaccinated and control groups 
were in harmony with what is known of this phase of syphilitic infec- 
tion, and the seeming contradiction of the second vaccinated group 
with respect to the number of skin lesions as compared with the 
corresponding control group is in reality in accord with the preserva- 
tion of disease type and severity on the part of the vaccinated animals. 

Still other evidence of the influence induced by vaccinal inoculation 
upon the course of the syphilitic disease is furnished by the distribution 
curves of generalized lesions (Text-jig. 2). The shape of the curves 
representing the control groups illustrate the general relations that 
obtain under ordinary conditions with respect to the numerical distri- 
bution of secondary lesions, that is, the early development of numerous 
lesions is not usually followed by the successive appearance of many 
others (sec curves of Experiments II and III), while severe syphilis 
is characterized by the continued appearance of lesions for a pro- 
longed period, a fact exemplified in the control group of the first 
experiment. The curves illustrating the distribution of lesions in all 
vaccinated groups show that this relationship was interfered with, for 
despite the large number of lesions that appeared early in the period 
of generalized manifestations, numerous lesions continued to develop 
in these animals. 

It is evident from the results obtained in these experiments that 
intracutaneous inoculation with vaccine virus at the time of intra- 
testicular inoculation of T. pallidum was associated with a profound 
disturbance in the syphilitic reaction, particularly as regards the rela- 
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live frequency of occurrence of various reactive phenomena, the 
altered time relationships of these manifestations and in the relative 
failure on the part of one phenomenon to prevent or delay the develop- 
ment of successive manifestations. As measured hy the various 
criteria selected for comparison, the efficiency of reaction of the 
vaccinated animals was unquestionably lowered with the result that 
the infection pursued a severe and uninterruped course. 

The coexistence of two or even three and four various infections has 
been attributed to an “increased susceptibility” on the part of the 
patient consequent upon the severity of the primary disease and in 
attempts to explain the gravity of these cases, the rapidity with which 
the diseases follow one another has been frequently invoked. In the 
present experiments, the syphilitic and vaccinal inoculations were 
made simultaneously. It must be remembered though that the 
reaction to vaccine virus develops more promptly than the syphilitic 
reaction as judged from gross manifestations although it is known 
that changes do occur at the site of inoculation and probably elsewhere 
within a few days after the injection of T. pallidum. 

The present results indicate, nevertheless, that vaccination did not 
bring about a state of "increased susceptibility” to the syphilitic 
infection, if one means by this term an increased liability to infection 
as indicated by a shortening of the incubation period of the primary 
lesion. But the findings amply demonstrate that it did markedly 
affect the syphilitic reaction, and since the effect was evident not only 
early but late in the disease, it is evident that the disorganization of 
the reaction was profound. The fact that it was evident for so long 
a time, as well as certain peculiar changes in the reaction such as the 
shortened time interval between successive phenomena, the marked 
increase in the number of secondary lesions and their general character 
suggest that the general alteration was of the nature of a decreased 
resistance on the part of the animals. 

From knowledge already available, it is clear that the syp hili tic 
reaction involves many factors that are essentially expressions of 
functional activity which, in some instances at least, appear to be 
related to changes in physical constitution. It is not unlikely that the 
differences brought out in the present experiments are the result of 
similar changes. 
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In conclusion, it may be pointed out that the study of experimental 
coexistent or concomitant infections is of value as a means of investi- 
gating the general problem of susceptibility and resistance to disease. 
Hitherto, this study lias been confined almost entirely to individual 
diseases. 

SUMMARY. 

Experiments arc retried in which was studied the effect of a con- 
comitant infection, vaccinia, upon the syphilitic reaction of rabbits. 
Vaccine virus was inoculated intracutaneously on the side of the body 
at the time of intratesticular inoculation with Treponema pallidum. 

The results showed clearly that the vaccination caused a profound 
disturbance in the syphilitic reaction, the ensuing syphilis being 
extremely severe. From an analysis of various features of the reaction, 
it appeared that the factor of host resistance was primarily concerned 
in the effects observed. 
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DISCUSSION AND CONCLUSIONS. 

An examination of the figures given in Tables I to Viand the curves 
in Text-figs, 1 to 9 shows at once that both the absolute values for 
calcium and inorganic phosphorus and the relative amounts of these 
substances exhibited an interesting series of variations in all of the 
animals studied. The changes observed in different groups of ani- 
mals were not identical, but there were certain general features that 
were common to all, as may be seen by comparing the curves in Text- 
figs. 1 to 9. The course of events is more difficult to follow from the 
tabulated results. 

In practically all instances, there are variations of two types. One 
of these is progressive in character and represents a gradual changcof 
values from a lower to a higher, or from a higher to a lower level. 
This gradual change of level is accompanied in some instances by a 
clearly defined scries of periodic variations, the positive and negative 
phases of which extend over periods of several weeks or months. In 
other cases, clearly defined periodic increases arc absent, but the grad- 
ual change in level is marked by periods of stabilization at a given 
level, or by a temporary increase or decrease in the rate of change. 
The tabulated results show, however, that neither of these conditions 
represents a continuous movement in a given direction, but that the 
periodic variation is itself produced by a succession of pendulum-like 
fluctuations. Moreover, it will be seen that, to some extent, the pro- 
gressive increase or decrease in values is in reality a long period varia- 
tion as the high or low levels are not maintained indefinitely. This is 
particularly true of calcium as may be seen by reference to the tables 
and text-figures for Groups III and IV (Tables III and IV and Text- 
fig. 1). 

From October until July, the general trend of calcium values is 
slightly upward (Tables I to V and Text-fig. 1). The outstanding 
feature of the condition shown by blood calcium is, however, the occur- 
rence of a series of periodic increases and decreases. From October 
to December, 1926, consecutive observations were made on only one 
group of animals (Group I). These showed a gradual increase in 
calcium which reached a maximum about the last of October or the 
first of November (Table I and Text-fig. 1). This increase was fol- 
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lowed by a decrease which was succeeded in turn by a gradual and pro- 
longed rise, terminating in a second maximum toward the end of Janu- 
ary, 1927. A gradual fall in calcium then began and continued well 
into April. There was a suggestion of a secondary rise at the end of 
February and the first of March, but the third definite period of 
increase did not begin until the end of April or the first of May. 

The variations in calcium shown by other groups of animals differed 
mainly with respect to the general level and the exact time of occur- 
rence of ma xim um and minimum values. The conditions shown by 
Groups m and IV compare favorably with those of Group I (Tables 
III and IV and Text-fig. 1). The results for Groups III and IV are 
of especial interest in that they show that the period of increasing cal- 
cium which began in April or May continued through June, reaching 
a very high value on July 1 . Unfortunately, no observations could be 
made on these animals during July and August, but by the middle of 
September, their calcium had again fallen to a point slightly below the 
mean normal level (15.6 mg.) or to values comparable with those for 
the preceding April and early May. 

The interesting feature of the results for Group II is the extent of 
the variations shown (Table II and Text-fig. 1) . The JanuaTy-F ebru- 
ary maximum was considerably higher than that of Group I, while the 
March minimum was much lower. Moreover, the succeeding rise 
began while the calcium in the blood of other animals was still falling 
and well in advance of the rise in other groups. 

Comparing the results for consecutive observations on animals caged 
in the laboratory (Groups I to IV) with those for animals examined as 
they were received from the dealer (Group V), it will be seen that, while 
the two sets of results agree with respect to the form of the variations, 
there is an interesting difference in the magnitude of the variations 
shown. In recently acquired animals, maximum values tended to be 
higher and minimum values lower, which suggests that the calcium 
content of the blood is subject to greater variation among animals liv- 
ing out of doors than among those caged in the laboratory. 

The smoothed curves give the impression of a continuous or unin- 
terrupted movement in a given direction which, with due allowance for 
technical inaccuracies and chance errors^ is probably incorrect. A 
critical examination of the tabulated results will show that, in all prob- 
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ability, the prolonged rise and fall was accomplished by a series of 
short pendulum-like fluctuations with the general level rising or falling, 
as the case might be. This applies not only to calcium, but to all other 
values. 

The situation presented by inorganic phosphorus is distinctly differ- 
ent from that of calcium (Tables I to V and Text-fig. 2). The strik- 
ing feature of the results obtained for animals living under laboratory 
conditions is a marked and progressive decrease in inorganic phos- 
phorus (Text-fig. 2) ; tin’s is in sharp contrast with results for animals 
examined as the}' were received from the dealer. Available data for 
recently acquired animals show little or no change in inorganic phos- 
phorus until January or February'. There is a suggestion of a decrease 
in January' and of a beginning rise in February. This rise was, how- 
ever, comparatively slight and virtually ceased during March and 
April, to be resumed and continued through May and June. 

Among the animals living under laboratory conditions, there are 
several features of the results that appear to be significant. Of these, 
the progressive decrease in inorganic phosphorus is most evident. It 
will be noted also that the results for each group of animals occupy 
a different level with comparatively little overlapping, and that the 
levels of successive groups rise in somewhat the same manner as the 
results for recent!}' acquired animals examined at corresponding times 
(Text-fig. 2). Moreover, while all animals show a decrease in inor- 
ganic phosphorus, it will be seen that both the rate and extent of the 
decrease varied in different groups, and that in no case did the reduc- 
tion proceed uninterrupted or at a uniform rate. In fact, each of the 
4 groups of animals showed one or more periods during which the de- 
crease in phosphorus ceased or gave place to an actual increase. This 
may be brought out by an analysis of the course of events in a given 
group of animals. 

During November, the animals of Group I showed an abrupt in- 
crease in inorganic phosphorus extending over a period of 2 to 3 weeks 
with a return to the previous level about the first of December. This 
change coincided with a decrease and a subsequent rise in calcium. 
For 3 months thereafter, the decrease in phosphorus was comparatively 
slight, but during March and April it diminished at a more rapid rate, 
reaching the lowest level about the first of May. The last observation 
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on these animals gave a value that was higher than any that had been 
obtained since February which suggests that the phosphorus was again 
on the point of increase. 

The distinctive feature of the results obtained for Group II is the 
marked decrease in inorganic phosphorus between January 5 and 
March 16, and the subsequent increase during March and April. 
In this instance, the change in inorganic phosphorus coincided with 
like changes in the calcium content of the blood. 

The results for Groups m and IV show conditions that are again 
different. In the case of Group HE, there was a reduction in inorganic 
phosphorus during the first 6 or 7 weeks; this was followed by an in- 
crease during March (Table m) and a second decrease which con- 
tinued into June and was succeeded by a slight rise toward the end of 
June and the first of July. The striking feature of the change noted in 
Group IV is the marked reduction in inorganic phosphorus during the 
first 2 weeks of April. From this point on, the results compare favor- 
ably with those for Group III. 

Considered as a whole, the results for inorganic phosphorus are 
somewhat confusing, due to the lack of agreement between recently 
acquired stocks and animals living under laboratory conditions, as 
well as to differences in the behavior of animals placed under observa- 
tion at different times. Still, there is considerable evidence to show 
that inorganic phosphorus is subject to the action of influences which 
tend to raise or lower the level, as in the case of calcium, but these 
influences do not operate in precisely the same manner on animals con- 
fined in the laboratory and on those living out of doors. It is impor- 
tant to note that the change from outdoor to indoor life appears to be 
sufficient in most cases to initiate a decrease in the phosphorus content 
of the blood. In some instances, the immediate effect may be very 
slight, or even in the opposite direction, due perhaps to the fact that 
indoor conditions do not differ materially from those to which the 
animal has been accustomed (Group I) ; but, in other instances, the 
decrease in phosphorus may be marked (Group IV). Under such 
circumstances, the action of factors tending to increase the inorganic 
phosphorus of the blood may be completely obscured or accomplish 
no more than a reduction in the rate of decrease or a temporary stab- 
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ilizalion at a given level., such as occurred at several points in these 
experiments. 

While it is reasonably certain that periodic variations in the trend 
of inorganic phosphorus occurred, definite movements can not be traced 
with the same degree of certainly as in the case of calcium. The indi- 
cations arc that there was a tendency toward lower values for animals 
of a given age, during the late fall and early winter months which was 
succeeded by a rise in January or February. The condition that 
prevailed during March and April is even more obscure, as some ani- 
mals showed an accentuation of the decrease in inorganic phosphorus 
while others maintained a fairly high level. During May the trend 
was downward, and the final rise did not begin until June. 

Applying the same principles of analyses to the values obtained for 
the sum and the product of calcium and inorganic phosphorus (Table 
VI and Text-figs. 3 and 4), it will be seen that, in general, these values 
reflect the variations shown by calcium and phosphorus respectively. 
This is particularl)'- true of the sum, but the product shows a series of 
variations that is more clearly defined than those of phosphorus. In 
this case, the results obtained for recently acquired animals are of es- 
pecial interest as they show a high value for February followed by much 
lower values for March and April and high values for May and June. 
In this respect, the results arc in close agreement with those for calcium 
and for the sum of calcium and phosphorus. 

The results for the ratio of calcium to inorganic phosphorus (Table 
VI and Text-fig. 5) disclose a condition that is almost the reverse of 
that shown by inorganic phosphorus. The general trend of values for 
all animals caged in the laboratory is upward, but variations in the 
absolute amounts of both calcium and phosphorus are reflected in 
these values. 

Calcium-phosphorus ratio values for recently acquired animals 
show a gradual increase from October to February with a decided 
drop during March and April and a second slight rise during May and 
June. Animals in the laboratory show essentially the same conditions, 
if we disregard minor fluctuations. The chief difference between the 
two sets of values is that animals under continuous observation do not 
show a decided reduction in the ratio values for March and April, 
but a slight reduction or stabilization which is followed by a very 
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marked increase when the curve again turns upward. From observa- 
tions on 2 groups of animals (Groups III and IV) , it was found that the 
high values attained during this period of increase were eventually- 
succeeded by a decrease. It is thus seen that, despite the progressive 
decrease in inorganic phosphorus, there is evidence of the occurrence of 
distinct periodic variations in the calcium-phosphorus equilibrium. 

As a rule, the ratio of the product to the sum shows an inverse rela- 
tion to the calcium-phosphorus ratio, and the sum or mean of the two 
values varies within very narrow limits or is virtually constant for a 
given set of conditions (1). An interesting exception to this rule 
is shown by the group of recently acquired animals (Table VI and 
Text-figs. 6 and 7). In this instance, it will be seen that the relation 
between values for the product-sum ratio and the calcium-phosphorus 
ratio is direct and not inverse. But, despite this difference, the 
quantitative relations are in close agreement with values obtained by 
repeated examination of given groups of animals, and these results 
give further evidence of the same series of periodic variations as was 
found by analysis of other values (Text-fig. 7). 

The series of variations described above are, on the whole, so clearly 
shown by the curves that it would hardly seem necessary to resort to 
detailed statistical methods to determine whether variations of the 
order indicated represent actual differences in values or are within the 
range of probable variation due to random sampling. It is obvious 
that when a given change occurs gradually and by a series of pendulum- 
like swings, as in the present instance, nothing of importance can be 
learned by a comparison of successive values unless each value is 
based on a large series of observations. On the other hand, something 
may be gained by comparing values for given periods which represent 
a general trend or opposite phases of a supposed variation. A few 
comparisons of this kind will serve to indicate the probable significance 
of the results as a whole. 

As the first example, we may compare the results obtained for cal- 
cium on Group I from November 12 to December 3 inclusive with those 
of December 17 to January 28 (Table I and Text-fig. 1). The mean 
values of all observations for these periods are 14.7 ± .128 and 15.9 
± .099 mg. respectively. As the difference of 1.2 ~ .16 mg. is 7.5 
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times its probable error, it is certain that the difference between the 
values obtained for the two periods is significant. 

There arc even greater differences between results obtained for 
other groups during March and April, which in general represented a 
period of low calcium, and May, June, and July when the calcium rose 
to a much higher level. In the case of Group III, the mean value of 
all determinations from March 4 to April 27 inclusive is 15.0 ± .062 
mg. and for May 11 to July 1, 16.7 ± .082 mg. which gives a differ- 
ence of 1.7 ± .10. This difference is 17 times its probable error. The 
results for Group IV, comparing values for March 11 to April 1, and 
May 25 to July 1, are 15.1 =b .068 and 17.1 ± .073 mg. with a differ- 
ence of 2.0 ± .10, which is 20 times its probable error. The March 
and April values for Group V give a mean of 15.0 ± .104 while the 
mean for May and June is 16.8 ± .180. In this ease the difference of 
1.8 ± .21 is 8.57 times the probable error. 

Added significance is given to these results by the close agreement of 
the values obtained for different groups of animals at corresponding 
periods, as shown by the following tabulation of calcium values: 


Group 

Period of low values 

Period of high values 

III 

15.0 ± .062 

16.7 ± .0S2 

IV 

15.1 db .06S 

17.1 ± .073 

V 

15.0 ± .104 

16.8 dz .180 


Less can be gained by a statistical analysis of the results for inorganic 
phosphorus. The progressive reduction in inorganic phosphorus 
among animals living under laboratory conditions is so evident that 
no further proof of the validity of this change is necessary. There are, 
however, a few instances in which a presumptive increase in inorganic 
phosphorus occurred in the course of the general downward movement, 
and the data bearing on these changes may be examined more criti- 
cally. One of the best illustrations of a change of this kind is furnished 
by the increase in inorganic phosphorus which occurred in the animals 
of Group I during the middle of November. The observations for 
October 21 and 29 give a mean of 4.19 =b .099 mg. and those of Novem- 
ber 12 and 19, 5.00 ± .078 mg. This difference is 6.43 times its 
probable error (.81 ± .126) and hence is definitely significant. 
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An analogous increase in inorganic phosphorus occurred in the 
animals of Group II between April 6 and May 11. The mean value 
for this period was 4.13 ± .075 mg. as compared with a mean of 3.88 
± .056 for March. As this difference (0.25 ± .09) is only 2.78 times 
its probable error, it may not be significant, but probably is. 

A comparison of the values obtained for Group III on May 25 and 
June 8 with those for June 17 and July 1 gives a difference (0.48 ± 
.10) that is 4.8 times its probable error, and the October and November 
results for Group V compared with values for May and June give a 
difference (0.66 ± .18) that is 3.66 times the probable error. It is 
evident, therefore, that even in the case of inorganic phosphorus, 
"there were instances in which a significant reversal of the dominant 
trend occurred. 

Statistical comparisons of the results obtained for various measures 
of the relation between calcium and phosphorus have not been worked 
out in detail as it is evident that essentially the same situation obtains 
as in the case of calcium and phosphorus. 

In this connection, however, some reference may be made to the 
degree of variation shown by the results obtained for individual ani- 
mals at any given time as indicated by the coefficients of variation. 
With few exceptions, the coefficients of variation (Tables I to VI and 
Text-figs. 8 and 9) for consecutive determinations of both calcium and 
inorganic phosphorus are smaller than those for all observations on a 
given group of animals (1, 2) and they tend to diminish with successive 
observations. This, of course, indicates that the variation shown by 
the animals of a group at a particular time is less than that shown by 
the group during the course of the experiment and that group results 
tend to become more and more uniform. 

There is, however, an evident relation between the variation of 
mean values and the magnitude of the coefficients. In general, it may 
be said that, so long as mean values remain comparatively constant, 
the coefficient of variation tends to be small, but the occurrence of 
either a decided increase or decrease in mean values is usually asso- 
ciated with an increase in the coefficient of variation. If the change 
in mean values is gradual and continuous, the coefficient tends to 
diminish until the magnitude of the mean values approaches the ex- 
treme limits of normal when the coefficient again increases. Further 
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more, while exceptionally high or low values may have a large coeffici- 
ent of variation, it will be seen, by reference to Tables I to V, that if a 
high or low value is maintained, the coefficient is usually small. This 
is especially true of calcium. 

From what has been said, it will be seen that there is no inherent 
relation between the magnitude of a mean value with respect to normal 
and its coefficient of variation. The relation found is one that in- 
dicates the occurrence of change, and in this sense the coefficient of 
variation becomes a valuable index of the stability of the animal 
organism with respect to particular conditions. Thus, a large coef- 
ficient or an increase in the coefficient of variation for a given series 
of calcium determinations indicates not only an uncertainty as to the 
true mean value, but is clearly indicative of an unstable condition and 
suggests the probable occurrence of a change, while a small coefficient 
or a decrease in the coefficient implies stability and uniformity of 
action. 

The most important deduction to be drawn from the analysis of 
these results with respect to time, is that both the calcium and the 
inorganic phosphorus in the blood of normal rabbits are subject 
to progressive and periodic variations which effect not only the abso- 
lute but the relative amounts, or the equilibrium between the two 
substances which, within the limits of normal, is probably of more 
importance than absolute amounts. In like manner, periodic varia- 
tions arc more important in the present connection, than progressive 
variations as they provide a better basis for a study of any relation that 
may exist between changes in the chemical composition of the blood 
and susceptibility to disease. 

The results reported agree with observations originally made by Hess 
and Lundagen (3) on calcium and inorganic phosphorus in the blood of 
infants and young children and with the results obtained by Grant 
and Gates (4) for calcium in the blood of normal rabbits, in so far as 
the occurrence of variations in one or the other of these substances is 
concerned. There are, however, certain differences. The variations 
found by Hess and Lundagen were confined largely to inorganic phos- 
phorus, and no significant variations were found in adults. Moreover, 
there was a steady reduction in phosphorus from December to March 
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which was followed by a rise during May and June producing what 
was termed by them a seasonal tide. 

In the experiments of Grant and Gates, the results for inorganic 
phosphorus were not analyzed. The highest values for calcium were 
obtained in May and November and the lowest in January, but no 
results were reported for February, June, July, or August. 

In the experiments reported above, periodic variations were more 
clearly defined in the case of calcium than inorganic phosphorus, but 
the results differ from those of Grant and Gates as to the time of 
occurrence of maximum and minimum values. The results for inor- 
ganic phosphorus are more difficult to interpret, but it seems that for 
recently acquired stocks, the lowest value was obtained in January and 
that the increase began in February. There was, however, little or 
no further increase during March and April, while the highest value 
was obtained in June. Among animals living in the laboratory, no 
period of maximum or minimum values can be fixed for reasons which 
have been stated above. In one case (Group II) a clearly defined 
minimum occurred in March and this was succeeded by a definite rise; 
in other cases, the lowest values occurred in May and during the 1st 
week of June. And these were succeeded by a slight rise. 

Differences such as those cited above may be of no particular im- 
portance. At any rate, there is no reason to assume that the course of 
events in man and animal should agree in all respects, or that variations 
in the calcium and inorganic phosphorus content of the blood of ani- 
mals should follow a perfectly uniform course with respect to time 
On the contrary, from what is known concerning analogous variations 
in organic constitution (5) and susceptibility to disease (6), it is to be 
expected that both the time of occurrence and the extent of any 
change in the chemical composition of the blood would vary from year 
to year. Moreover, it has been found that qualitative and quantita- 
tive differences will occur even among groups of animals that are under 
observation at the same time, so that one must reckon with variations 
in the response of animals, as well as with variations in the action of 
causative factors. 

The point to be emphasized is that systematic or orderly variations 
in blood calcium and inorganic phosphorus do occur; in some instances. 
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it may be the calcium; in others, the phosphorus that is affected, or 
both substances may be affected in varying degrees. In the final 
analysis, however, it is the effect of these changes on the calcium- 
phosphorus equilibrium which concerns us most, and while various 
expressions of this relation may show greater or less change than either 
calcium or phosphorus, the relations do vary in much the same manner 
as the absolute amounts of the two substances. 

Periodic variations in blood calcium and inorganic phosphorus have 
been referred to as seasonal variations. Hess and Lundagen attrib- 
uted the increase and decrease of inorganic phosphorus in the blood 
of infants to changes in the available amount of ultra-violet radiation 
but they recognized the possibility that other factors might contribute 
to the production of these conditions. There is abundant evidence to 
show that ultra-violet rays exercise a profound influence on the inor- 
ganic phosphorus content of the blood of both man and animals, and 
that certain phases of calcium metabolism are likewise affected but 
analogous effects can be produced by other means (dietary). 

The results obtained in these experiments could be explained in 
part as light effects. This is particularly true of the changes that 
occurred in inorganic phosphorus. On the assumption that the inor- 
ganic phosphorus in the blood is determined to a large extent by ultra- 
violet rays of short wave-length, one could account for the variations 
observed among animals living out of doors and for the progressive 
decrease that occurred when they were brought into the laboratory 
and thus deprived of this type of radiation. Among animals living in 
the laboratory, it would be difficult, however, to account for periodic 
increases in inorganic phosphorus or even variations in the rate of 
decrease as an effect of short wave-length ultra-violet radiation, and 
an explanation of the results obtained for calcium would be even more 
difficult. 

Increasing age and the inactivity incident to cage life might also 
account for a part of the progressive changes in both calcium and 
inorganic phosphorus, but not for periodic variations. Moreover, as 
the rate of decrease in phosphorus, with respect to time, was decidedly 
irregular, it is not likely that age and cage life per sc were decisive 
factors in the production of these changes. 
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Progressive changes in the chemical composition of the blood might 
be accounted for in various ways, but under the conditions of these 
experiments, no satisfactory explanation can be offered for the periodic 
variations. It is evident that the occurrence of these changes is refer- 
able to some condition of life which varies roughly with the seasons 
and is capable of exerting its influence on animals living indoors as well 
as out of doors, but not necessarily to an equal degree or in precisely 
the same manner. It is highly probable that ultra-violet rays, in a 
positive or negative way, played an important role in the production 
of the results reported, but it is practically certain that this was not 
the only factor concerned. Stated in a general way, it may be said 
that, while a number of factors probably contributed to the production 
of the variations observed, the indications are that the light environ- 
ment, including visible as well as ultra-violet rays, played an important 
r&le. 

SUMMARY. 

Determinations of calcium and inorganic phosphorus were made on 
the blood of 5 groups of normal animals over periods of 4 to 8 months. 
The material included animals from recently acquired stocks as well as 
animals that had been living under laboratory conditions for long peri- 
ods of time. The results were analyzed with espedal reference to the 
occurrence of periodic and progressive variations in the absolute 
amounts of calcium and inorganic phosphorus and the relations be- 
tween the two substances. 

It was found that, among animals living in the laboratory, both cal- 
cium and inorganic phosphorus, as well as all expressions of the equilib- 
rium between the two substances, exhibited a definite tendency to a 
progressive increase or decrease, as the case might be, and that clearly 
defined periodic variations occurred in all classes of animals. The pro- 
gressive change was most marked in the case of inorganic phosphorus, 
the periodic change in the case of calcium, while both conditions were 
clearly shown by various expressions of the relation between calcium 
and inorganic phosphorus. 
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In 1923, Besredka (1-4) stated that he could produce a specific 
generalized immunity in rabbits and guinea pigs to the subcutaneous 
or intracutaneous injection of staphylococcus and streptococcus by the 
injection of specific broth filtrates, or, by the local application to the 
skin of specific broth dressings. 

The immunization was best produced in two ways: (1) by the intracutaneous 
injections over a small area of either (a) a sterile specific broth filtrate (the organism 
was grown 10-14 days in broth, filtered and the filtrate reinoculated with the same 
organism and grown again for 14 days and again filtered) or (6) of a vaccine made 
by heating a 24 hour broth culture of the specific organism at 60° for 30 minutes; 
(2) by the application for 24 hours over a limited skin area of compresses moistened 
by either the sterile specific broth filtrate or the heated killed broth vaccine. 

The reaction to a subcutaneous injection of 1-2 cc. of a 24 hour broth culture 
in the control animal was a large sloughing ulcer, whereas in the protected animal, 
there was only a small localized abscess. Others (5) repeated these experiments 
with similar results. Gratia (6), however, obtained the same results with broth. 
By intracutaneous injection, Mallory and Marble (7) produced a local cutaneous 
immunity to staphylococcus in rabbits with sterile broth as well as with the broth 
filtrate. Miller (8) protected guinea pigs against staphylococcus with specific 
broth filtrates, vaccines, horse scrum, broth and concentrated meat broth, all of 
these substances being injected intracutaneously or applied as compresses. The 
immunity was well localized, spreading but slightly beyond the area treated and 
in no sense considered specific. Since Besredka’s work, rlimrir.nc have treated 
infections of various kinds with specific broth filtrates or vaccines in broth Citron 
and Picard (9, 10) review the work done by others and claim to have had good 
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results themselves in the treatment of erysipelas, furunculosis, carbuncles and 
osteomyelitis. They used polyvalent broth filtrates and take for granted that the 
action is specific. 

The aim of the following experiments was (1) to investigate the 
effect of local broth compresses, (2) to determine how constant this 
protection was and (3) to endeavor to throw some light on the mech- 
anism of the protection. 


M clhod. 

Staphylococcus aureus (our laboratory number 35), isolated from a ease of human 
osteomyelitis, was grown on agar for 4S hours and suspended in saline just before 
injections. In a few experiments, the staphylococcus was grown in broth. In 
any one experiment, the suspension from all the tubes, obtained by adding 2 cc. 
of normal saline to each tube, was pooled and a sample of this standardized roughly 
by centrifugation in a Hopkins tube for 5 minutes at 2000 revolutions per minute 
(odometer). It was found that a dose of .015-.06 cc. of bacteria suspended in 
3 cc. of saline when injected subcutaneously in the abdominal wall or shoulder of 
a guinea pig produced, in over 66.1 per cent of the control animals, the charac- 
teristic sloughing lesion to be described later. The same dose was used in all the 
animals of any one experiment, and in all instances, the suspension was shaken 
immediately before the animals were injected. The control and “compressed” 
animals were injected alternately. 

The organism was grown in broth for 10-14 days, filtered through a Bcrkcfeld 
filter, the filtrate rcinoculatcd for 14 days and rcfiltered to produce Besredka’s 
filtrate. 

Compresses were made of 6-8 layers of gauze, large enough to cover the ab- 
domen and held in place by adhesive strips for 4S hours previous to the injection. 
They were kept moistened by frequent applications of the various substances 
used. 

Compresses were the only method of protection used. All the experiments 
were on guinea pigs weighing from 210-250 gm. The broth used in poulticing 
was the usual laboratory beef extract broth (3 gm. Liebig’s Beef Extract, 5 gm. 
sodium chloride, 10 gm. peptone (Fairchild’s), 1000 cc. distilled water — boiled 1 
hour, filtered, titrated to pH 7.6 and sterilized). 

The Lesion. 

The injection of the standard dose of bacteria subcutaneously in the 
abdominal wall caused death in 23 of the 121 control animals. SO 
of the remaining 98 showed a diffuse cystic swelling covering the 
entire abdomen which appeared during the first 24 hours. The ani- 
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mals were sluggish and did not take nourishment. Redness, indura- 
tion and pain were conspicuously absent at this time. During the 
next 48-72 hours, the edges of this swelling became firm, indurated, 
red, painful and warm to the touch. The skin in the center became 
discolored and frequently broke open exuding a serosanguineous 
material. In 5-7 days, the whole central area sloughed, leaving an 
ulcer, 2-3 cm. or more in diameter, with raised indurated edges and a 
granulating base. Healing took place in 3-4 weeks. This lesion 
we called 3 plus (+++)• 

Compresses of broth or filtrate applied to the shaved abdominal 
wall for 48 hours made the skin wrinkled, thick and slightly boggy. 
24 hours after the usual subcutaneous injection of Staphylococcus 
aureus, there was a diffuse induration, red and painful, quite in con- 
trast to the soft cystic swelling in the control animal. There was 
little general reaction as evidenced by activity or feeding. In most 
of the animals, a small localized swelling, f— 1§ cm. in diameter, ap- 
peared by the 3rd or 4th day. This eventually discharged thick 
creamy pus or healed by resolution. This lesion is called 1 plus (+). 
In many of these cases, the lesion was a minute nodule containing a 
drop of pus. 

In some of the animals the abscess formed was much larger and 
ran longitudinally up and down the midline, with thick indurated 
edges. After several days, this broke down discharging creamy pus. 
This lesion is called 2 plus (++). 

To recapitulate, the large ulcerative lesion is called 3 plus (+++), 
the long abscess 2 plus (++) and the nodule or localized abscess 
1 plus (+). 


RESULTS. 

Experiments show that ordinary meat broth is just as effective in 
altering the control reaction as the specific filtrate (Experiments 16a 
and 70). Furthermore, dry compresses and compresses moistened 
with water or saline give some protection, but it is not as complete as 
that given by broth (Experiments 19 and 64a). 

The protection obtained was localized, for when animals were com- 
pressed with broth on the abdomen for 48 hours and then injected 
elsewhere in the shoulder region as in our experiments, the reaction 
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was as great in these animals as it was in the controls that had no 
compresses (Experiments 11a, 16b, 6-lb). 

To determine if the protection afforded by broth was constant, a 
number of experiments were done (Nos. 18, 30, 3-1, 35, 3S, 39, 41, 58, 
66, 71). Of 70 controls, 9 died, while 51 of the remaining 61 showed 
large ulcerative lesions (3 plus, +-{-+). Of 66 treated with broth 
prior to injection, 4 died; while of the remaining 62, only 2 showed a 
3 plus (+ + +) lesion; 3, a 2 plus (++) lesion; and 57 had small 
localized abscesses. If all experiments with broth are totaled, of 121 
controls, 23 (19.0 per cent) died and SO (66.1 per cent) had 3 plus 
(+ + +) ulcerations. Among the 116 broth “compressed” animals, 
there were 7 deaths (6.0 per cent), while 9S (84.4 per cent) had local- 
ized abscesses. 

To determine how long immunity lasted, animals were injected at 
various intervals after removal of the broth compresses. Although the 
experiments were not conclusive, there was evidence that the pro- 
tection lasted more than 24 hours and less than 7 days. 

It is evident from these experiments that guinea pigs can be pro- 
tected in a fairly constant manner against the subcutaneous injection 
of Staphylococcus aureus by the local application of broth compresses. 

In order to observe the histological changes accompanying the 
foregoing phenomena, control animals and animals which had been 
treated with broth compresses for 48 hours were killed at various 
intervals after bacterial injection and sections were taken of the 
abdominal wall. Animals previously injected with trypan blue 
intraperitoneally (once daily with 3 cc. of a 1 per cent solution for 4 
days) were similarly treated. In all, 218 guinea pigs were used for 
histological study. 

Sections included (1) normal abdominal wall, (2) abdominal wall after 4S hours 
of broth compressing, (3) the abdominal wall from control and “compressed” 
animals at varying intervals after bacterial injection (6-9 hours, 1S-30 hours, 72 
hours, 96 hours, 120 hours, 6 days and 10 days), (4) duplicate sections from animals 
previously injected with trypan blue. 

The animals were killed by injecting formalin into the heart and the specimens 
obtained were washed and fixed in the usual manner before being imbedded, in 
paraffin. All sections were stained with hematoxylin and eosin. In addition 
from the specimens vitally stained with trypan blue, one section was mounted 
unstained and one was faintly countcrstained with carmine. 
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Normal Skin. 

The normal skin of the guinea pig presented no unusual features. 
The epidermis was approximately 2-4 cells in thickness, the corium 
had the usual compact papillary and lower reticular layers. Of most 
interest for our purpose was the narrow reticular zone of subcutis 
contained between the hair follicles and the striated muscle layer. 
In this layer, were distinguished the two chief types of cells found in 
the connective tissue — the elongated connective tissue type with a 
large elliptical, compact, dark staining nucleus and a small amount of 
cytoplasm and the dasmatocyte with an irregular, indefinite outline, a 
large eccentric nucleus and cytoplasm filled with vacuoles of various 
sizes. The latter cells, the dasmatocytes, were often clustered at 
nodal points in the reticulum. They took up trypan blue in the vacu- 
oles. A few dye-containing cells were scattered through the corium, 
but the majority were in the subcutis. 


After Broth Compress for 48 Hours. 

After an animal had been “compressed” with broth for 48 hours, the 
demonstrable changes were: (1) thickening of the epidermis, (2) 
edema of the subcutis, (3) a striking proliferation of dasmatocytes and 
connective tissue cells in the subcutis and (4) a moderate exudation of 
small mononuclear and polymorphonudear leucocytes. 


The epidermis was definitely thickened, comprising 4-8 cell layers. There was 
an edema of both corium and subcutis, most striking in the latter, for while in 
the normal animal it was only about one-fifth of the width of the corium, now it 
had become of equal breadth. All through the skin there was an increased number 
of cells most marked in the subcutis. While there was a moderate number of 
polymorphonuclears and small mononuclear leucocytes, there was, especially in the 
subcutis, a marked increase in the number and size of the dasmatocytes and the 
elongated connective tissue cells. The tissue macrophages were often of enormous 
size with a very definite outline that was more rounded in this than in the resting 
stage A large vesicular nucleus rather poor in chromatin was pushed eccentricallv 
by the nch vacuolization of the cytoplasm. Occasionally they contained two 
nude. There was no striking evidence of mitosis in any section. Trypan blue 
was taken up m large amounts by the tissue macrophages and segregated and con- 
centrated in the vacuoles. Although the cells were most dense in the subcutis 
a fairly even distribution through the corium might be taken as evident of 
motility. The dasmatocytes were enmeshed in a whorl of connective tissue cehs 
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which were also distinctly increased in number and size. There were many small 
mononuclear cells of various sizes and shapes, grading from the smallest with a 
compact, eccentric, often bean-shaped nucleus and clear cytoplasm to larger cells 
with ft more vcsiculatcd nucleus, whose cytoplaasm often contained a few vacuoles. 
The blood vessels of the lower corium were dilated and contained polymorpho- 
nuclear leucocytes, monoculccar cells and red cells. The endothelium was swollen 
and showed slight signs of proliferation. Occasionally around the capillary was 
found a cluster of small mononuclear cells. 

The reaction of the skin to a broth compress took place largely in the 
subcutis as an edema accompanied by a striking increase of clasmato- 
cytcs and connective tissue cells. There was also a distinct thicken- 
ing of the epidermis. 

6-9 Hours aflcr Bacterial Injection. 

(a) Controls . — The control animals presented a tremendous edema 
of all layers of the skin, extending down through the connective tissue 
muscle sheaths. The epidermis was thinned, the papilla: flattened 
and the hair follicles compressed. Polymorphonuclear leucocytes 
were scattered throughout the corium and subcutis in large numbers. 
They were filled with bacteria, but showed definite signs of degenera- 
tion, i.c., haziness of cell outlines, pycnosis, and fragmentation of the 
nuclei. There were relatively few mononuclear cells, most of which 
were small. Clasmatocytes were scarcely to be found, a fact which 
was confirmed in the trypan blue specimens which showed that very 
few cells ingested the dye. Connective tissue cells were not increased 
in number. Scattered through the edema, were many extravasated 
red blood cells. At this stage there were very few extracellular 
bacteria. 

(, b ) Broth-Protected . — In the animals treated with broth compresses, 
the histological picture was quite different. The epidermis was still 
more thickened, the papilla: were prominent and the hair follicles well 
preserved. Edema was present throughout, although not as marked 
as in the control animals. The cellular infiltration, however, was 
much denser, particularly in the subcutis. Polymorphonuclear 
leucocytes predominated. They were filled with bacteria, but showed 
no signs of degeneration as evidenced by staining reactions. Small 
mononuclear cells of the types previously described were present in 
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very large numbers. There were many clasmatocytes scattered 
through and at the periphery of the exudate. The number of fibro- 
blasts was increased so definitely as to suggest beg innin g organization 
even at this early stage in the lesion. In the trypan blue sections, 
the clasmatocytes at the periphery of the lesion took up the dye in 
large amounts, while in the most central part of the exudate, these 
macrophages were often filled with bacteria and phagocyted blood 
cells, so that the dye previously ingested was scattered through the 
cell. The blood vessels were dilated and congested and the swollen 
endothelium showed signs of proliferation. The differences between 
the control and the broth animals were found chiefly in the subcutis. 
In the broth-protected animal there was (1) a proliferation of clas- 
matocytes, (2) a proliferation of fibroblasts with beginning organiza- 
tion and (3) the preservation of the integrity of the polymor- 
phonuclear leucocytes. There was also a marked thickening of the 
epidermis. 

21-30 Hours after Bacterial Injection. 

(a) Controls . — In the control animals, the epidermis showed signs 
of compression, often being lifted from the corium. The whole 
corium stained poorly and was disintegrating. The edema, still 
marked throughout the subcutis, had not increased, but the poly- 
morphonudears present showed further signs of degeneration. There 
was no attempt at organization. In the trypan blue sections, prac- 
tically no cells took the dye. The epidermis, however, was stained 
diffusely, a sign of necrosis. There were few extracellular bacteria. 

(b) Brolh-Prolcctcd . — In the broth-prepared animal, the epidermis 
was still further increased in thickness. The edema was decreased, 
but the cell exudation was richer in the subcutis. A definite zone of 
proliferating fibroblasts was beginning to circumscribe the lesion. 
Polymorphonudear leucocytes, increased in number, still retained 
their definite cell outlines and nudear delineations. Among the 
fibroblasts were large numbers of clasmatocytes with richly vacuolated 
cytoplasm, often enormous in size and occasionally having two nuclei. 
Trypan blue was found abundantly in these cells, if any clasmato- 
cytes had phagocyted bacteria, polymorphonudear leucocytes and red 
blood corpusdes and showed only scattered dye granules. The blood 
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vessels were full, the endothlium swollen and proliferating and fre- 
quently endothelial lining cells jutted into the lumen of the vessel. 

Rapidly advancing organization due to proliferating fibroblasts, 
together with marked activity of the clasmalocytcs which were be- 
ginning to act as scavengers were the most marked changes at the 
end of 21-30 hours. 

‘IS -7 2 Hour.'; after Bacterial Injection. 

(a) Controls. — The control animal showed a marked degeneration 
of epidermis and corium. In the subcutis, the edema had decreased 
with no increase in cellular infiltration. The polymorphonuclcars 
showed advanced signs of disintegration and bacteria, which pre- 
viously were practically all intracellular, were now found in large 
numbers outside of the cells. Frequently large bacterial masses were 
seen, suggesting in vivo multiplication. Beginning signs of organiza- 
tion were seen in the lower part of the subcutis. In this zone, when 
the specimen had been stained with trypan blue, occasional cells took 
up the dye. 

(b) Broth-Protected. — The broth animals showed a little greater 
thickening of the epidermis with broad deep papilla'. In the corium, 
there was a moderate cell increase, while in the subcutis there was a 
definitely walled off abscess. The zone of organization composed of 
fibroblasts and macrophages was thick. A large number of the cells 
in the peripheral portion of the exudate was enclosed in macrophages 
which were often engorged with phagocyted polymorphonuclcars and 
debris. Tin's was further shown by the fact that in the trypan blue 
specimens, few cells, except those at the extreme periphery, ingested 
the dye in large amounts, while it was present in many cells as scat- 
tered granules. The number of smaller mononuclear cells was de- 
creased, while the number of large mononuclears was increased. 

4-10 Days after Bacterial Injection. 

{a) Controls. — In the control animals, the corium and epidermis 
had sloughed, leaving an ulcer -with an organizing base just above the 
partially or wholly disintegrated muscle layer. In this zone, many 
cells now showed some avidity for trypan blue granules. 
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(b) Brolh-Prcpared . — In the broth-prepared animal, the abscess had 
definitely localized itself in the subcutis. Eventually, it either came 
to the surface and was evacuated or the clasmatocytes took up the 
cellular exudate and ingested it, while the fibroblasts proliferated 
through the lesion and organized it. At the end of 10 days, the 
clasmatocytes had largely digested their burden and the cytoplasm 
again showed marked vacuolization, so that the trypan blue was dis- 
tributed in large amounts in the vacuoles. 

To summarize, broth causes a marked stimulation of the cells of the 
subcutis, the clasmatocytes and the connective tissue cells, which 
seemed to protect the animal against the overwhelming effects of the 
bacteria. The macrophages phagocyted bacteria, thus relieving the 
burden imposed upon the polymorphonuclears so that they in turn 
were not destroyed by the infection. In addition, the clasmatocytes 
later phagocyted the polymorphonuclear leucocytes before they could 
disintegrate and free the bacteria. Concomitant with this was the 
rapid proliferation of fibroblasts walling off the lesion. The origin of 
the smaller mononuclear cells is difficult to determine. However, it 
was evident that they may develop into larger phagocytic cells and 
thus contribute largely to the number of these cells seen in the sub- 
acute stage of the lesion. 

COMMENT. 

Inasmuch as there is no question of specificity involved in these 
experiments, it remains to correlate the histological changes, i.e., the 
increase of clasmatocytes, fibroblasts and round cells, with the marked 
reduction in mortality and the definite alteration of the inflammat ory 
reaction. 

Y.Tiile it is generally recognized that the tissue macrophages play a 
part in the subacute stages of inflammation, it has not been empha- 
sized until recently, that they can offer an effective barrier to bacterial 
infection. 


Mctchnikofl ( 11 ) and his pupils considered the large mononuclear leucocytes of 
the blood as the typical macrophages and thought that the large cells in the con- 
neenve tissue were of les.er importance. In experimental streptococcus infection 
(12), they beheved that the phagocytes of the connective tissue had nothing 
to do with the disposal of bacteria except in so far as they engulfed polymorpho- 
nuclear leucocytes which contained them. ^ 
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In experimental inflammation of the subcutaneous tissue, both aseptic and 
bacterial, Maximow (13, 14) definitely separated the clasmatocytcr. from the 
fibroblasts by their marked difference in motility and phagocytic activity. Macro- 
phages which were present in large numbers at an early stage in the inflammation, 
especially the aseptic lesion, he thought came from three sources, (1) through 
proliferation of fixed tissue macrophngcs, i.c., clasmatocytcs, (2) through the 
development from the polvblasts or small mononuclears present in the tissue 
and (3) by the development from lymphocytes and mononuclear cells coming 
in from the blood stream. 

Tschaschin (15) confirmed these findings in experimental peritonitis. Many 
others (for full reference, see Gay (16)) have observed the early appearance of large 
phagocytic cells in peritoneal inflammation. Following the work of Evans and 
Scott (17) who established definite vital staining reactions for clasmatocytcs as 
opposed to the connective tissue cell, it was determined that these phagocytic 
cells in the peritoneal exudate were of connective tissue origin (Cunningham (18)). 

While Rous and Jones (19) and Smith, Willis and Lewis (20) showed that in 
tissue culture, clasmatocytcs have marked phagocytic activity, it remained for 
Gay and Morrison (21) and Gay and Clark (22) to definitely link these cells with 
immunity. They found that substances such as infusion broth or diluted egg 
white, locally injected, produced a marked increase in the number of clasmato- 
cytcs in the pleural cavity of rabbits. Such an animal was thus protected against 
many times the fatal infective dose of streptococcus when injected intraplcurnlly. 
In the normal animal, the streptococci increased until the death of the animal 
(5-7 days), while in the broth-prepared animal, the cultures from the pleural cavity 
were sterile in from 3-4 hours. Substances such as alcuronat which produced 
largely an increase in polymorphonuclear leucocytes, gave no such protection. 
After bacterial injection, rabbits actively or passively immunized against strepto- 
cocci showed a much earlier mobilization of clasmatocytcs in the pleural cavity 
than control animals. 

We cannot discuss the much disputed relationship between clas- 
matocytes, large mononuclears of the blood and endothelial cells. 
However, we believe that the large phagocytic cells seen after broth 
compresses are proliferated largely from the clasmatocytcs of the 
connective tissue. Morphologically, they are similar, their staining 
reaction the same and their rapid development into large cells with 
richly vacuolated cytoplasm is different from the gradual change of the 
small mononuclear cells into phagocytic cells even under the added 
stimulus of bacteria. There is no doubt that these latter cells con- 
tribute to the number of macrophages later seen in the lesion. Fur- 
thermore, broth compresses cause a concomitant proliferation of the 
elongated connective tissue cells. This is evidence of the stimulation 
of the connective tissue cell as a whole. 
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The rapid increase in the number of fibroblasts plays an important 
part in the protective reaction. Their function would seem to com- 
plement the activity of the dasmatocytes. The latter phagocyte the 
bacteria early, while the fibroblasts organizing around the focus hinder 
the spread of noxious material before it can be taken up by the phago- 
cytic cells. 

Polymorphonudear leucocytes and small mononudear cells cer- 
tainly play a part later in the reaction. But these cell types, however, 
are too few in number directly after broth compressing and before 
bacterial injection for one to imagine that they are the effective agents 
in increasing the resistance. 

After bacterial injection, the early disintegration of the polymor- 
phonudears in the control animal is of importance. T hi s allows a 
proliferation of the organisms and a recrudescence of their activity 
before the dasmatocytes are present in large enough number to assist 
by ingesting the degenerating leucocytes. We infer that the presence 
of a large number of dasmatocytes previous to injection in the broth 
animal not only diminishes the virulence of the bacterial attack by the 
phagocytosis of the organisms, but by ingesting the leucocytes con- 
taining staphylococci, they prevent a recurrence of bacterial activity. 


SUMMARY AND CONCLUSION. 


1. Plain broth is just as effective as specific broth filtrate if used as a 
skin compress for the protection of guinea pigs against a subcutaneous 
injection of Staphylococcus aureus. 

2. Plain broth compresses applied for 48 hours previous to bacterial 
injection sometimes prevent the death of the animal and practically 
always alter the inflammatory reactions. 

3. This protection is not specific and is localized to the area “com- 
pressed.” 

4. The protection lasts at least 24 hours after removal of the com- 
press. 


5. Broth compresses applied to the abdominal waff of a guinea pig 
for 48 hours produced definite histological changes, espedaUy in the 
subcutis, i.c., edema, proliferation of dasmatocytes, thickening of the 
epidermis together with a moderate exudation of polymorphonudears 
and small mononuclear cells. 
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6. The histological response to the subcutaneous injection of staphy- 
lococci was different in the control and the broth-prepared animal. 

7. In the broth-prepared animal, there was an increase in clasmato- 
cytcs and fibroblasts with a dense exudation of polymorphonuclcars, 
which latter, in the main, did not degenerate. The clasmatocytcs pha- 
goeyted bacteria early and later engulfed the polymorphonuclcars, 
while the fibroblasts rapidly walled off the lesion. The result was a lo- 
calized abscess which either came to the surface and ruptured or was 
absorbed and organized. 


BIBLIOGRAPHY. 

1. Besredka, A., Compt. rend. Soc. bio]., 1923, Ixxxviii, 1273. 

2. Besredka, A., Compt. rend. Soc. biol., 1923, lxxxix, 7. 

3. Besredka, A., Pansements spf'cifiqucs. Etude sur l’immunite locale, Attn. 

Inst. Pasteur, 1924, xxxviii, 565. 

4. Besredka, A., Local immunization — specific dressings, translated by Plotz, 

H., Baltimore, 1927. 

5. Brocq-Rousscu, Forgert, P., and Urbain, A., Compt. rend. Soc. biol., 1923, 

lxxxix, 219. 

6. Gratia, A., Compt. rend. Soc. biol., 1923, lxxxix, 826. 

7. Mallory, T. B., and Marble, A., J. Exp. Med., 1925, xlii, 465. 

8. Miller, C. P., Z. II yg. u. Infcclionskrankh., 1927, evii, 253. 

9. Citron, J., and Picard, IT., Med. Klin., 1925, xliii, 1606. 

10. Picard, H., Arch. hlin. Chir., 1927, cxiv, 34. 

11. Mctchnikoft, E., Immunity in infective diseases, translated by Binnic, F. G., 

Cambridge, 1905. 

12. Metchnikoff, E., Vir client's Arch, path. Anal., 1SS7, evii, 209. 

13. Maximow, A., Bcilr. path. Anal. u. allg. Path., 1902, suppl. 5. 

14. Maximow, A., Bcitr. path. Anal. it. allg. Path., 1905, xxxviii, 301. 

15. Tschaschin, S., Folia hxmatol., 1. Tcil, 1913, xvi, 247. 

16. Gay, F. P., Physiol. Rev., 1924, iv, 191. 

17. Evans, H. M., and Scott, K. J., Carnegie Institution of Washington, Pub. No. 

273, Contributions to Embryology, 1921, x, 1. 

18. Cunningham, R. S., Am. J. Physiol., 1922, lix, 1. 

19. Rous, P., and Jones, F. S., J. Exp. Med., 1916, xxiii, 601. 

20. Smith, D. T., Willis, H. S., and Lewis, M. R., Am. Rev. Tubcrc., 1922, vi, 21. 

21. Gay, F. P., and Morrison, L. F., J. Inject. Dis., 1923, xxxiii, 33S. 

22. Gay, F. P., and Clark, A. R., J. Inject. Dis., 1925, xxxvi, 233. 



S. O. FKEEDLANDER AND J. A. TOOMEY 


675 


EXPLANATION OF PLATES. 

Plate 29. 

All sections described have been stained -with hematoxylin and eosin. 

Fig. 1. Section through normal abdominal wall. Low power. 

Fig. 2. Section through abdominal wall after broth compresses had been applied 
for 48 hours. Low power. 

Fig. 3. Section through abdominal wall of control animal (not “compressed”) 
48 hours after bacterial injection. Low power. 

Fig. 4. Section through abdominal wall of broth “compressed” animal 48 
hours after bacterial injection. Low power. 

Fig. 5. Section through abdominal wall of control animal (not “compressed”) 
96 hours after bacterial injection. Low power. 

Fig. 6 . Section through abdominal wall of broth “compressed” animal 96 
hours after bacterial injection. Low power. 

Fig. 7. Section through abdominal wall of control animal (not “compressed”) 
6 days after bacterial injection, showing ulceration. Low power. 

Fig. 8. Section through abdominal wall of broth “compressed” animal 6 days 
after bacterial injection. Low power. 

Plate 30. 

Fig. 9. Section taken after broth compresses had been applied for 48 hours. 
Shows clasmatocytes, fibroblasts and mononuclear cells. Oil X about 475. 

Fig. 10. Control animal (not “compressed”) 8 hours after bacterial injec- 
tion. Shows degeneration of exudate cells. X about 325. 

Fig. 11. Broth “compressed” animal 8 hours after bacterial injection. Shows 
exudate cells well preserved and a proliferation of fibroblasts. X about 325. 

Fig. 12. Same as Fig. 10. Oil X about 475. 

Plate 31. 

Fig. 13. Same as Fig. 11. Shows clasmatocytes containing bacteria. Oil 

X about 475. 

Fig. 14. Animal (not compressed”) 21 hours after bacterial injection. 

Shows marked degeneration of exudate cells. X about 325. 

Fig. 15. Broth “compressed” animal 21 hours after bacterial injection. Shows 

many clasmatocytes, fibroblasts, small mononuclear cells. Cells of exudate well 

preserved. X about 325. 

Fig. 16. Same as Fig. 15. Oil x about 475. 


Plate 32. 


Fig. 17. Control animal (not "compressed”) 72 hours after bacteria] injection. 
Shows marked cellular degeneration and extracellular bacterial proliferation 
Oil X about 950. 


Fig. 18. Broth “compressed” animal 72 hours after bacterial injection. Shows 
phagocy tosis of the cells of the exudate by macrophages. Oil X about 950. 
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THE ELECTROPHORESIS OF THE BLOOD PLATELETS OF 
THE HORSE WITH REFERENCE TO THEIR ORIGIN 
AND TO THROMBUS FORMATION. 

By HAROLD A. ABRAMSON,* M.D. 

(From the Kaiser Wilhelm Institute for Physical Chemistry and Electrochemistry, 
Berlin-Daldem, Germany .) 

(Received for publication, January 23, 1928.) 

Little is known of the physicochemical characteristics of blood 
platelets. There has been much dispute concerning their origin. 
The study of their cataphoresis affords a means of determining a 
fairly definite physicochemical constant which defines the make-up 
of these bodies in specific channels. Such data on the cataphoresis 
of the blood platelets of the horse and some other incidental observa- 
tions, form the basis of this communication. 

Review of the Literature Concerning Origin of Platelets. 

The following review merely indicates the variance of opinion. It 
is incomplete. 

In 1906 Wright (1) maintained that the cytoplasm of megacaryocytes was 
parent to that of blood platelets. Bunting (2) and Ogata (3) confirmed Wright’s 
work. Brown (1913) (4), however, showed that hyperplastic endothelial cells in 
the marrow, and mononuclear and transitional cells in the marrow, spleen and 
blood, could also give rise to blood platelets. 

Menne (5) made a specific immune serum from leucocytes and platelets and con- 
cluded from his studies that the structures of the leucocyte and platelet vary. 
Fcrroncito (6) (1920) believed that platelets arise from the red and white cells of 
the circulating blood. Schilling (7) (1921) came to the conclusion that the nuclei 
of red cells play a significant role in platelet formation. Erede (8) (1921) rejected 
the mcgacarvocyte origin. Rosenthal and Falkenheim (9) (1922) performed 
rather careful and well controlled experiments. They found that an erythrocytic 
immune serum was highly agglutinative for red cells but had a comparatively 


* Work completed during the tenure of a Medical Fellowship of the National 
Research Council. 
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negligible influence on pl.it clots. Platelet .inli<-ra also failed to nj:s:Iutinatc red 
cells. They concluded that, from the point of view of receptor structure, platelets 
and red cells present significant difference.*., v.liilc v.ith t hr cells of t he lnicopoictic 
system the platelets possess a common receptor system indicating a common origin 
for the platelets. Marchcsini (10) (192.1) maintained that platelets arise from 
degenerated red blood cells which arc phagoevtcd by mcgucaryocytrs and t hen 
transformed l>y these cells into the form found in the Moo t. A rather complex 
hypothesis has been offered by Dcmcl (11). This tl'.eory seems to Itold for tiic 
origin of these cells (platelets) by a precipitation process direct from the blood 
plasma. The process is to be governed by megacaryocytcs in tbc presence of 
physiological necessity. Further evidence in support of Wright's view was given 
by Katsunuma (12) (1925). l’ctri (13) in the same year denied the validity of 
Wright’s views. Stahl, Ilorstman and Ililsnita (14) by means of an iodine fixation 
method showed that certain granules were specific for platelets and megacaryo- 
cytcs, again supporting Wright. 

Method. 

A modification of the Northrop (15) cataphoresis cell described else- 
where by Freundlich and Abramson (16) was used. 

'I’lie plasma was oxalatcd by the addition of S.5 cc. of a saturated solution of 
K oxalate per liter of horse blood. The platelets remain well preserved in the ice 
box for at least 4S hours. 

The velocity of the platelets and of the polymorphonuclear leucocytes was 
determined as follows: The study of red cell migration at diffcicnt levels in the 
cell permits the estimation of the velocity of the water in the midregions. 
The velocity of another particle in the midregions is then expressed by the equation 

V. - = V (1) 

where r„ is the observed velocity of the particles and T' is the absolute velocity. 
The reader is referred to previous communications for further data on method 
and related phenomena of catapborcsis (16, 19). 

The Migration of Single Platelets. 

The data of Table I are from six different horses. The mean 
velocity for the platelets is . 45 n per sec. per volt per cm. Polymor- 
phonuclear leucocytes migrate with the same speed, within the limits 
of experimental error. In fact, simple observation confirms the 
measurements. Practically no difference in speed is observed. It 
may be recalled that in plasma lymphocytes migrate 15 to 30 per cent, 
and red cells about 90 per cent faster than leucocytes (19). The 
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same relationship holds therefore for blood platelets. Considering 
the difficulties of the method, the high conductivity of the medium and 
the low electrokinetic potential, with the exception of Plasma 2, the 
agreement in the five other specimens is excellent. It is surprising 
that blood platelets which are supposed to be so fragile retain for so 
long the same surface characteristics as far as the electrokinetic po- 
table i. 

The Cataphoresis of Platelets in Plasma. 


The speed of polymorphonuclear leucocytes is given in the last column. Al- 
though red cells and small lymphocytes have different velocities, note that plate- 
lets and polymorphonuclear leucocytes have the same velocity (sis horses) . 


Plasma 

Age 

Hatdets 

PolymarpioncrJear 

leucocytes 

V 

r. 

F 


krs. 

P Per sec. Per volt 
per cm. 

/x per sec. per r eU 
per cm. 

H per sec . per celt 
per cm. 

i 

30 

.71 

.41 

.46 

2 

6 

.82 

.59 

.57 


30 

.76 

.55 

.60 

3 

6 

.65 

.46 

.52 

4 

6 

.57 

.40 

.43 

5 

6 

.67 

.51 

.53 

6 

6 

.68 

.46 

.54 


Mean excluding No. 2 

.45 

.49 


s' potential (millivolts) 12 13 

(26.5 X fi per sec. per volt per cm.) 

lential is determined by this surface. One is almost led to believe 
that their surface is determined by the presence of the plasma proteins 
rather than by an inherent composition. 

The Migration of Aggregates of Platelets. 

According to classical conceptions (17) the f potential of aggluti- 
nated blood platelets should be lower than that of single cells. In 
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specimens 30 hours old clumps of from 5 to about 20 platelets have 
been studied. There is no appreciable difference between the cat.v 
phorctic velocity of these aggregates a ml that of sinyle cells. It is 
possible that some change in the \ potential takes place incidental to 
the withdrawal of the blood. Just how far the aggregate.; ob creed 
represent a mechanism of slow coagulation by the particle ; below the 
critical potential must be reserver! for future rliscus ion . 1 2 The forma- 
tion of aggregates without change in elect rokinetic potential has 
been reported previouslv bv Freunrllich and Ahram.-ou for red cells 
(16). 

Another outstanding feature of platelets is that they are able to 
stick to the glass walls of the cataphoresis cell with a remarkable 
tenacity. (That platelets are “sticky” has, of course, been noted 
hitherto.) This force is so great that a stream of water sucked 
through the cell does not remove them. The same adhesive quality 
has been discussed previously for leucocytes (IP. 20). On the other 
hand, it is curious that neither red cells nor lymphocytes under the 
same conditions are possessed of similar properties. This tits in 
remarkably well with the behavior of all four types of cells in the 
presence of injury to tissue or capillary wall. 1 

DISCUSSION. 

It would seem from the preceding data that the surface of poly- 
morphonuclear leucocytes and that of blood platelets are similar. The 
electrokinctic potential is the same for both in a highly complex 
medium. This is all the more striking because of the fact that 
lymphocytes and red cells have a cataphoretic velocity which is 
unmistakably greater. Offhand one is inclined to believe that the 
platelets and leucocytes have a common leucopoietic origin. This 
would lit in quite nicely with the theory of Wright as follows: The 
blood platelets arise from the megacaryocytes which have in their 

1 Polymorphonuclear leucocytes and even quartz particles form aggregates 
whose cataphoretic velocity is the same as that of single particles with the same 
suspension. This ‘'isopotential” agglutination will be discussed further in a 
future communication. 

2 This point is discussed in detail in an article by the author to be published 
(Abramson, H. A., in Alexander, J., Colloid chemistry, New lork, ii). 
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turn been derived from myeloblastic cells (21); and the transition 
from myeloblast to leucocyte is, as far as concerns surface change, 
probably not a complex one. Still, one should accept this rather 
convincing evidence with a certain amount of hesitancy as it has been 
found in further experiments that quartz particles migrate with the 
same velocity in serum as leucocytes. 3 It has been also found 
that such quartz particles are influenced by slight traces of pro- 
teins (e.g. 10“ 7 gelatin solution lowers the f potential of quartz 
appreciably (18, 22)). Now, whether the white cells and blood 
platelets act like an inert particle, surrounding their naked protoplasm 
or cell membrane with a sheath of the protein in the medium, or 
whether they have acquired during their development the surface 
giving them their charge, is a question which is intimately bound 
with studies of surface adsorption and cataphoresis of these blood 
units. Experiments on the point have been started. At any rate, 
one can say that platelets and leucocytes have similar surfaces — cer- 
tainly slightly different from lymphocytes and very different from 
red cells. And one may assume with a fairly reasonable degree of 
certainty that the unchanged relationship through the development 
of both types is strongly suggestive of a common origin. 

The stickiness of the blood platelets has been noted. It must be 
remarked in concluding that the so called glass surface of the catapho- 
resis cell is really covered by a more or less complete layer of protein in 
the presence of even small protein concentrations (18). The platelets 
are really adherent to a protein film. The magnitude of this adhesive 
force has in general been described. It has been mentioned that aggre- 
gates are formed without changing the f potential. With this in mind, 
one may look upon thrombosis from the following point of view. Inci- 
dental to injury of the vessel wall, the adhesive force possessed by 
platelets is sufficient to permit them to remain attached to the wall 
in spite of the flow of blood rushing by. No change in electrokinetic 
potential is needed to establish a state of aggregation. Aggregation 
can probably occur in plasma without any measurable change in the 
f potential. The piling up of blood platelets can easily be explained 

“The data and connected theory will be given in Abramson. H. A. J Gen 
Physio!., 192S, si, in press. 
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by the stickiness of the cells themselves, produced by adsorbed or 
inherent protein films. The same mechanical, simple conception may 
he applied to the subsequent addition of leucocytes to the thrombus 
and the attachment of fibrin strands. 


summary and conclusions. 


1. The cataphorclic velocity of blood platelets (horse) in plasma 
has been found to be between >10 and .51 p per sec. per volt per cm. 
The mean velocity obtained from five horses is >15 p per see. per volt 
per cm. 

2. The cataphorclic velocity of polymorphonuclear leucocytes in 
similar specimens is practically identical with that of the platelets. 
This is noteworthy because of the fact that lymphocytes and red cells 
have different speeds. 

3. With spontaneous agglutination of platelets, white cells and 
red cells, there is no change in the cataphorclic velocity incidental 
to aggregation. 

4. The possible surface composition of platelets and white cells is 
briefl)’ discussed. 

5. The bearing of these findings on the origin of blood platelets and 
the mechanism of thrombus formation is demonstrated. 


I am indebted to Professor H. Freundlich for his criticisms and 
advice. 
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THE MODE OE SPREAD OF A FRIEDLANDER BACILLUS- 
LIKE RESPIRATORY INFECTION OF MICE. 

By LESLIE T. WEBSTER, MB. 

( From the Laboratories of The Rockefeller Institute for Medical Research!) 

Plate 33. 

(Received for publication, January 27, 1928.) 

During observations of spontaneous B. cnierilidis infection among 
special populations of mice (1, a), vre noted the sudden appearance of a 
second disease which killed a great many of the animals. It arose 
first as an epidemic in late August, 1925, continuing in waves during 
the autumn and winter, and finally, in the spring, disappearing com- 
pletely. A second similar outbreak occurred in August, 1926. The 
dead mice showed at autopsy bilateral pneumonia, and yielded in 
cultures from blood and lung an organism resembling Friedlander’s 
bacillus. 

The disease, in its sudden onset, high morbidity and mortality rates, 
its recurring outbreaks decreasing in severity, and its eventual disap- 
pearance, suggested somewhat human plague of the middle ages and 
the recent epidemic of influenza. For this reason, it was chosen for 
study, and its manifestations analyzed according to the experimental 
methods which we have employed in the investigation of mouse 
typhoid (1, b). The present paper describes the clinical course, 
pathology, and bacteriology of the disease, and records certain special 
studies of reactions between the bacteria and their host. 

The literature on Friedlander badUus-like infections, save for that relating to 
pneumonias of human beings, is scant and indefinite. Human case reports of 
Friedlander bacillus lesions of various organs, especially lesions situated near the 
upper respiratory' tract, are numerous, however. Abel and Hallwacbs (2) give 
references in which arc described the recovery of this class of organisms from the 
atmosphere, earth, dust, water, and slime. Animal strains were reported by 
PfeiCcr in 18S9 (guinea pigs (3)); Klein in 1SS9 and 1S91 (guinea pigs and mice 
(4)); Weaver in 1897-99 (guinea pigs (5)); Skschivan in 1900, 1903 (rats (6)); 
Fcrkins in 1901 (guinea pigs (7)); Sachs in 1902 (rats (8)); Schilling in 1902 (rats 

€55 
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(9)); Toyama in 1905 (rats (10)); Atijcsahy in 1901 (rats (11)), and Xylandcr 
in 1906 (rats (12)). Xylandcr refers also to communications on tlie subject 
by Frickc, Wilde, Fasching, and Gaffky. In reading these rc;>orts, however, 
one receives the impression that the organisms described form a rather 
heterogeneous group of capsulatcd bacteria, the effects on animals of which, were 
in many instances, quite different from that associated v.itli typical strains of 
Friedliindcr’s bacillus. 

Since 1912, little has been written on Friedkinder bacillus infection of animals, 
except for two articles by Holman (1916 (13)) and branch (1927 (14)), in which 
the spontaneous disease in guinea pigs was described. 

The general features of the disease in mice, as observed by us, arc as 
follows: 

Clinical Course . — The incubation period is about 48 hours. When a few 
carriers arc placed in contact with groups of 100 or more mice, a certain number 
dies within 5 days, while 50-70 per cent are dead within 2 weeks. An occasional 
animal with signs and symptoms of pneumonia recovers, while a small number 
seems to resist infection altogether. Similarly, when a culture of the bacilli is 
introduced artificially into the narcs of mice, a few animals die on the 2nd day, 
70 per cent by the end of the 1st week, and a small number survives as nasal 
carriers or appears entirely refractor,-. 

Pathology . — In mice dying of this infection, the autopsy shows subscrous, 
petechial hemorrhages, such as occur in other septicemic infections, and extensive 
inflammation of the respiratory tract. The lungs arc inflated, uniformly red and 
moist, and the serosa is covered with a scropuadcnt exudate. On section the lung 
tissue is red and wet, contains little air, and the exuded fluid is viscid and 
“stringy.” 

The microscopic lesions vary in extent and degree. In most instances there is 
dilatation of tlie interstitial capillaries, with or without accompanying interstitial 
hemorrhage and edema. Many alveoli contain scrum and, occasionally, red blood 
cells. Beneath tlie pleura tlie congestion and edema are especially prominent. 
In many eases there is a fibrinous cellular exudate over the surface endothelium. 
The more advanced specimens show perivascular, interstitial, and intraalveolar 
accumulations of mononuclear and a few polymorphonuclear cells. Blood vessel 
walls are infiltrated and general!)- surrounded by cells; bronchi and tubules appear 
normal. 

When groups of mice are given small doses of the organisms (200-600 intra- 
nasally), the pulmonary lesions described above are reproduced, and the differences 
observed arc found to be related directly to the duration of life of the animals 
inoculated. For instance, mice dying 4S hours after the instillation show perivas- 
cular accumulations of large numbers of bacilli, perivascular round cell infiltration, 
and interstitial congestion; while those surviving 4 to 5 days show fewer bac- 
teria, diffuse interstitial congestion and edema, and accumulations of leucocytes. 
After a longer period tlie alveoli are filled with leucocytes. 
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The pneumonic condition is in general similar to that described by Branch in 
spontaneous guinea pig infections (14) and by Sti llm a n and Branch in experimental 
Friedlander infection in mice (IS). The nature of the lesions studied by us 
suggests that the inoculated bacilli reach the lungs by way of the blood stream 
rather than by the bronchi (1 ,d). 

Bacteriology.— The. Friedlander bacillus-like organisms may be cul- 
tured from the nasal passages, lungs, and blood. Except in cases of 
severe septicemia, they are not found in the intestinal tract. Under 
dark-field illumination they appear as large, non-motile, homogeneous, 
blunt rods. They are Gram-negative; the capsules stain vividly, 

TABLE i. 


Cross-Agglutination Tests Made by Dr. Julianelle until His A, B, C, and 
X Friedlander Strains. 



Fritdlinder type sera: dilution 1:5 

Mouse 
Strain 1. 
Serum 
1:5 

Strain 

Type A 

Type B 

Type C 

Gronp X 

Group X 

n 

Mouse Strain 1 

— 

— 

— 

— 

— 

+++ 

“ “ 2 

— 

- 

- 

- 

— 

+++ 

“ “ 3 
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- 

— 

- 

- 

+++ 

1C f< £ 
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— 

— 
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+++ 

“ “ 5 

— 
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— 


— 

+++ 

Friedlander Bacillus "A” 

+ + + 

— 

— 

— 

— 

— 

« u <r Ri* 

- 

+ + + 

- 

- 

- 

- 

<C 4 1 »p>l 

— 

— 

+++ 

~ 

— 

— 

Group XI 

- 

— 

— 

4 — ! — h 

— 

— 

"XII 

— 

— 

— 

— 

+++ 

— 


and Wright’s blood stain exhibits a large enveloping material sur- 
rounding a deeper staining substance. Dextrose, maltose, xylose, 
salicin, and mannite are fermented in 24 hours; saccharose in 3 to 
4 days, and lactose in 7 to 12 days. Milk is acidified; no indol is 
formed; nitrates are reduced to nitrites. 

The serologic reactions of the strains obtained by us are practically 
identical. Sera obtained from rabbits by injecting dead and living 
cultures agglutinated all strains to a maximum titer of 1:640. No 
antigenic relationship was established with other known strains of 
Fricdlandcr’s bacillus. 
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A series of cross-agglutinations and thread tests with five of our 
mouse strains and with Friodiiinder’s bacilli, Type A, It, C, and X, 
was made for us by Dr. Julianellc (16). Table J gives the results. 
The five type sera of Fricdliindcr’s bacillus failed to agglutinate any 
of the mouse strains, and the mouse strain serum agglutinated none of 
Julianclle’s five type strains of Friedlander’s bacillus. 

Colonics of the bacteria growing on agar plates from direct mouse 
autopsy culture arc large, moist, and viscid, “stringing” easily on the 
platinum loop (Figs. 1 and 2). Bacilli from young, single cell colonies 
show no mucous material. At a later period, the entire colony, save 
for the peripheral zone of activity dividing bacteria, is composed of the 
enlarged cells, which in mass present a mucoid appearance. 

Growth requirements of these organisms arc relatively simple. No 
enriching substances, carbohydrates, scrum, “X”, or vitamine factors 
need be added to plain infusion agar or broth, pll 7.0 -7.4. However, 
considerable sensitivity to temperature changes exists. 

Experiment 1 compares the growth of cultures at 3 7° and 23'C. 

Two series of tubes containing 5 cc. of plain infusion broth of pH 7.4 were 
inoculated with different dilutions, 10" 1 to J0 _a , of a 4S hour broth culture of 
Mouse Strain 3. One series was incubated at 37°; the other left at room temper- 
ature, 23°. Growth in the two series was compared at 24 and 4S hours. 3 days 
later the cultures were examined by dark-field illumination, by staining 
methods, and by rcplating. 6 days after inoculation, the numbers of viable 
bacteria in each tube of the series were counted by the plating method. 

The first four tubes of the 37° series showed good growth at 24 hours; the re- 
maining five, lO" 5 to 10~ 5 inclusive, were sterile. The entire series grown at 
22° were turbid at 24 hours. The original culture used for inoculation contained 
about S00,000,000 organisms. Hence, as the findings show, an inoculation of 
100,000 organisms was required to produce growth at 37°, whereas the smallest 
number, less than 10, grew at 22°. No further growth occurred at 4S hours. At 
this time, examination of cultures by dark-field and staining methods showed 
autolvsis, great swelling, and reduction in numbers of bacilli in the tubes of the 
37° series; the 22° cultures appeared normal. Counts at 6 days showed less 
than 100 bacilli per tube in the first four dilutions of the 37° scries; the rest were 
sterile. Plates of tubes of the 22° series averaged about 170,000,000 organisms 
percc. per tube. 

The tests were repeated with other strains with essentially the same 
results. Hence, the optimal growth temperature is considerably less 
than 37°. 
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The nest experiment was planned to ascertain the duration of life 
of these organisms in fluid culture. 

Experiment 2.— Four flasks with 300 cc. of broth in each were inoculated with 
a 48 hour culture of Strain 1. Two received about 12,000 organ i sms and two about 
10; actual counts were made immediately. One flask of each dilution was then 
incubated at 37°; the two others were left at room temperature, 22°. Counts 
were made of the numbers of bacteria in each flask at 3, 6, 25. and 52 hours, and 
at 10 months. The results are shown inTablelt. 


TABLE H. 


Growth of Small Numbers of FriedlUnder-Like Bacilli at 37 9 and 2JFC. 




No. bacteria per cc* 


lation 

Hast 1 : inoculation 
10-^22° 

Flask 2: inocula- 
tion 10-s 37 ° 

Hist 3: inocula- 
tion 10-* 22“ 

Flask 4: inocula- 
tion 10 -i 37 ® 

firs. 

0 

12,000 


10 

10 

3 

48,000 


0 

0 

6 

70,000 


30 

0 

25 | 

180,000,000 

0 

18,000,000 

0 

52 

325,000,000 

0 

280,000,000 

0 

mos. 

10 

6,000,000* 

0 

5,000,000* 

7 7 1 



* Rough variants 100 per cent. No mucoid forms. 


Both incubated (37°) flasks were sterile at 24 hours and remained 
so. The two flasks standing at 22°, room temperature, showed good 
growth at 25 hours and viable organisms 10 months later. At this 
time, however, the mucoid colonies were replaced entirely by the 
rough variant colony type. Hence these cultures are found to be 
relatively simple in their requirements and able to survive for long 
periods of time at temperatures of about 20-24 c C. Higher tempera- 
tures, however, prove harmful. 

Colony type variation occurs readily with the Friedlander group of 
bacilli. Hadley and Julianelle have summarized the reports of earlv 
investigators. Hadley (17) found that rough colonies of Fried- 
lander bacillus arise when cultures are grown for some days in broth or 
agar. Branch witnessed the same phenomenon in the cultures from 
guinea pigs (14). Julianelle noted transformations in his A, B, and 
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C type strains grown in antiserum (16). Our mouse cultures lore the 
mucoid colony appearance. when grown in antiserum. and when kept 
2 or more weeks in broth or agar. The variant colonies are non- 
mucoid, quite small, opaque, with regular margins and granular sur- 
faces (Tigs. 1, 2, 3). 

The variant mouse strain colonies are not found under natural 
conditions. During the past 2 ' years, we have cultured the nasal 
passages of more than 2000 mice and autopsied at least as many more, 
and obtained only mucoid colony forms. We conclude, therefore, 
that the variant types do not occur in recognizable numbers during 
either the intcrcpidcmic or epidemic phase of the native mouse disease. 

Single cell cultures from the variant colonies arc relatively stabile 
in spile of various manipulations in vitro and it: vivo, a reverse trans- 
formation from variant to the original mucoid form was not accom- 
plished. 

Bacilli from the variant colonies arc smaller than those from the 
mucoid colonics, and lack the enveloping material; otherwise the two 
resemble each other. The short rods are Gram-negative and non- 
motilc, fermenting the characteristic sugars, acidifying milk, and 
reducing nitrates to nitrites. They agglutinate in antimucoid sera 
to more than double titer. They are not flocculated by sera from 
Juliancllc’s Type A, B, and C strains. 

Microbic Virulence and Host Susceptibility. 

We have determined the effects of different numbers of bacilli on 
the amount and severity of the experimental infection, and have made 
titrations of the virulence of the same and different bacterial strains, 
over a period of more than 2 years. 

Technique . — The general principles governing the technical pro- 
cedures of these titrations have been described elsewhere (1, b). 
Briefly, we consider it essential to reproduce the natural conditions of 
infection as nearly as possible. The dosage, virulence, and host 
susceptibility tests are planned in such a way as to remove as far as 
possible disturbing variables. Thus, under given conditions, rela- 
tively constant results are secured. The circumstances most nearly 
reproducing the native infection are adopted as a standard. This 
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standard is then used for comparison for titrations of dosage, virulence, 
and host factors. 

Cultures are grown in a uniform medium and treated alike throughout. Dosage 
is estimated in numbers of bacilli administered. The bacilli, suspended in a drop 
of salt solution, ate introduced through a small glass pipette into the nasal passages 
of each mouse. The spasmodic inhalations of the animal aid the taking in of the 
fluid. Mice from the inbred Rockefeller Institute stock, raised under uniform 
environmental conditions, about 12 weeks of age, weighing 18-20 gm., and notpre- 
viously exposed totheinfectionareused(l,c). The inoculated mice are placed in 
separate cages. 

Standard Curoe . — At the outset, the precision of the titration tech- 
nique was determined by performing a number of titrations in dupli- 
cate and observing the amount of variation in the end results. 

Technique . — Strain 1, obtained on October 25, 1926, from a mouse in one of the 
special populations, was used throughout. For each titration, a subculture in 
broth was made from the stock slant and grown for 48 hours at 23°. A dose of 
200-600 bacteria per mouse was found to represent natural conditions most 
satisfactorily. Hence each animal was given intranasally, by glass capillary tube, 
1 drop of a 1 : 10,000 0.85 per cent salt dilution. This volume contained 200-600 
organisms, as checked each time by dilution plates. The mice were chosen accord- 
ing to the above specifications. After inoculation, each animal was numbered 
and placed in a separate jar. The entire number was then divided arbitrarily into 
groups of 20, 25, 50, or 100, according to the amount used, and the mortality in 
each group was compared. Dead mice were autopsied and cultured. The results 
of these tests are summarized in T able HI. 

On November 16, 1926, a titration was made with 50 mice, divided into two 
groups of twenty-five. Each group showed close agreement in amount and rate 
of death. 84 per cent were dead in each on the 18th day; none died thereafter 
(Table III). On November 22, a similar test was made, resulting in a final mor- 
tality on the 42nd day of 86 per cent, with a variation between groups of 6 per 
cent. A third titration on December 2 with three different doses and six groups 
of twenty mice each showed total mortalities of 92.5 per cent with a group 
variation of 2.5 per cent (1250 bacteria per mouse), 90 per cent total and group 
mortality (380 bacteria per mouse), and 55 per cent, with a variation between 
groups of 10 per cent (58 bacteria per mouse). On December 16, a fourth test 
. with two groups of twenty and a dose of 195 bacilli resulted in the death of 70 per 
cent total and 5 per cent group variation mortality. A fifth titration on December 
20, with two groups of twenty-five and a dose of 960 bacteria per mouse, showed a 
final mortality of 90 per cent with a 2 per cent variation of group mortality. On 
January 5, 1927, two groups of 50 each received 15,000 organisms per mouse, and 
two groups of 50 a dose of 115 bacilli. The mortalities at 42 days were 86 per 
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cent with a -1 per cent and 57 per cent with a 9 per cent final difference in group 
mortality. 

The results of duplicate titrations, of which the above arc a part, 
showed that the experimental technical error was insignificant ; lienee 
tests carried out as described above proved sufficiently accurate. 1 
Furthermore, the mortality rate per day was found to be so uniform 
that average figures were taken to represent numerically the reaction 
of the Rockefeller Institute strain of mice to a dose of 200-800 bacteria 
of Strain 1. These total mortality percentages, when plotted against 
time in days, formed a frequency curve similar to those obtained in 
mouse typhoid studies ( 1 , b) (Text-tig. 1). Hence, measurement of 
variations in dosage, virulence, and host susceptibility were compared 

>Dr. John W. Gowcn analyzed the data contained in Table III and commented 
upon it as follows: “Mathematically analyzed, using mortality rates and weighing 
them equally, the variation within the groups is quite insignificant in contrast 
to the variation between the groups made at different times, indicating that the 
technique has been satisfactory, thus: 

Variance Decree* of Mean 

freedom rquarc 

Between groups 9 375.1 Z =» .927 where for P «=> .05 Z •= .56 

Within groups 10 5S.7 

“Two possible causes of the significant variation between groups arc obvious 
in the data. The first is variation in dosage, as indicated by the plate counts, and 
thesccondis seasonal variation, although the controlled environment of the mice and 
cultures make such an interpretation doubtful. The data are not well suited to 
attempts to separate these possibilities since the number of repeated titrations at 
different dates is not sufficient. However, if the material be drawn as a graph with 
death rate as one coordinate and dosage of bacteria as the other, it is noticed that 
for dosages from 5S-400 there is a rapid almost linear rise in death rate from 
55-390. At 400 bacteria the death rate becomes essentially the same to dosages 
up to 15,000. This suggests dosage as the important cause of the variation 
between groups. Approaching the problem slightly differently, there are two 
dates on which groups of mice were given different dosages, December 2, 1926, 
and January 5, 1927. Analyzing this data for influence of date of inoculation, the 
mean variance between dates is found to be 70 and within dates 433. Clearly the 
date of inoculation played an insignificant part in the death rate. As the cause of 
variation within the dates is the dosage, we may attribute to it the major role in 
causing the variation in the death rates within these data with influence of season 
or variation in technique as but minor and insignificant causes of variation.” 
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either with these average figures or with those obtained from a control 
group tested simultaneously. 

Dosage . — Observations of the spontaneous disease among the mice 
of the special populations indicated that contact with a very small 
number of the bacilli is fatal to most individuals. For example, sur- 
viving carriers in the mouse populations were found to harbor in their 
nasal passages but very few of the Friedlander bacilli, while mice from 
which fifty or more colonies were cultured invariably died within a few 
days. These findings were confirmed by actual titrations which showed 
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Text-Fig. 1. 


that while a small number of mice survived even a maximal dose, as 
few as 500 bacilli per mouse killed about 80 per cent within a week. 
Tests were made to determine this relationship more accurately. 

Experiment 3 . — Strain 1 was transferred from the stock slant to meat infusion 
broth, pH 7.4, and left at room temperature (23°) for 48 hours. Dilutions were 
then made in 0.85 per cent NaCl, counted by the plate method, and given intra- 
nasally to mice by means of a coarse capillary pipette. Eight dilutions were used; 
each was given to twenty-five mice. After inocuation, the animals were placed 
in separate jars. Mortality records were kept and autopsies done on all dead 
animals. 

fhc duration of life of the individuals of each group is plotted in 
Text-fig. 2. The mortality rates of groups receiving 6,000, 60,000, and 
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600,000 bacilli were quite similar. No deaths occurred after the 9th 
day; one animal of the 000.000 and 00,000, and three of the 0000 group 
survived 30 days. In the remaining groups death rate and total 
mortality were related closely to dosage. 61 per rent of the group 
given 600 bacteria succumbed, 50 per cent of those given 10S, -1-1 per 
cent of those given 122, and 32 per cent of those receiving SI. 

These tests show that small doses (less than 100 bacilli), given to a 
group of twenty-five mice, are fatal to certain individuals; that doses 
ranging from this to over 1000 lead to a progressively increasing death 
rate and total mortality in groups of similar size; and that doses larger 
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Text-Fig. 2. 

than 6000 organisms do not increase the number of deaths beyond a 
certain point. Regardless of the size of the dose, some individuals 
survive. 

Virulence . — The virulence of the bacilli has been determined by 
tests similar to those described above. The standard dose of about 
600 organisms was instilled intranasally. Sufficient animals were used 
to run each titration in duplicate. Strains of unknown pathogenicity 
were compared directly with known cultures, or indirectly by means 
of the standard curve described above (Text-fig. 1). 

Repeated titrations of single strains over a period of 12 months 
showed no significant changes in virulence. The results of the tests 
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on Strain 1 are given in Table m. This culture has been kept on 
agar at 4°C. and transferred every 4 weeks. It was obtained from a 
mouse of a known susceptible race (1, c), 2 days before the onset of a 
severe spontaneous epidemic. The degree of virulence of the type- 
pure culture was found to remain relatively constant. Three other 
strains kept type-pure and tested in the same way showed insignificant 
fluctuations in virulence. 

Rough variants obtained from old broth or agar cultures proved far 
less virulent than the parent mucoid type. The following test illus- 
trates this difference. 
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Text-Fig. 3. 


A mucoid type strain, No. 22, obtained from a mouse of one of the special pop- 
ulations, September, 1925, its rough variant, No. 23, and three other rough vari- 
ants from mucoid type strains isolated at about the same time were grown 48 
hours in broth at22°C., diluted 1:10,000, and administered intranasally to mice. 
Each culture was given to twenty-five individuals. The mortality record is 
plotted in Text-fig. 3. 

The mucoid culture, No. 22, showed high virulence characteristic 
of the type, while its rough variant, No. 23, together with the three 
other rough strains, Nos. 21, 25, and 27, lulled only very- few of the 
animals— 4.4, 12, S, and 4.4 per cent respectively. 

A number of titrations were made of cultures taken from mice of the 
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special populations in which the spontaneous infection war. preva- 
lent. in endemic and epidemic form. The strains were chosen under 
varying conditions, with a view to determining differences in lethal 
power coincident with high or low population mortality, with cultiva- 
tion of the bacilli in the circulating blood of susceptible individuals, 
and in the nasal passages of animals resisting infection. A chart 
describing the course of the infection among the special populations, 
with a record of the days on which these cultures were obtained, will 
be published later; at present it will suffice to state briefly the amount 
of disease prevailing at the time each culture was obtained. 


Tfcr 

cent 



The method of titration of virulence described in a previous para- 
graph was employed throughout. Dilutions were made to insure a 
dosage of about 600 bacilli per mouse. Due to slight irregularities of 
growth, however, the actual counts as determined by plating varied 
considerably from this number. Such fluctuation in the relatively 
small doses of these organisms given lias been shown to affect death 
rate considerably (Experiment 3), and it is responsible, we believe, for 
the irregulatities in some of the virulence curves. 

The results of the virulence trials with unknown strains have been 
compared either with the standard control curve for Strain 1, or with 
a simultaneous control titration with Culture 1. Each group of mice 
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TABLE IV. 


Mortality during Days after Inoculation. 
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I 




1 

2 






15 

75 

8.33± 

.90 



Total 


1 

9 

11 





2 

2 


1 

1 



28 

70 

9.07± 

.76 


375 

1- 20 


1 

7 

2 

1 


2 



1 






13 

65 

7.46± 

.83 

Strain 12 


21- 40 



6 

2 









i 



9 

45 

5.S9i 

.31 



Total 


1 

13 

4 

l 


2 



1 






22 

55 

6.82± 

.52 

12-20-26 

960 

1- 25 


1 

12 

8 

i 











22 

ss 

5.82± 

.19 

Strain 1 


26- 50 


2 

9 

9 

2 

1 










23 

92 

6.22± 

.26 



Total 


3 

21 

17 

3 

1 










45 

90 

6.02± 

.16 


225 

1- 25 



6 

11 

4 



1 








22 

8S 

7. 18- 5 - 

.31 

Strain 13 


26- 50 



7 

5 

6 











18 

72 

6.89± 

.27 



Total 



13 

16 

10 



1 








40 

SO 

7.05± 

.21 


580 

1- 25 



9 

5 

1 

1 

1 

1 








18 

72 

7. ll-i- 

.47 

Strain 15 


26- 50 



11 

5 


1 









1 

IS 

72 

7.22± 

.87 



Total 



I 

I 

1 

2 

1 

1 








36 

72 

7.17= 

.49 

1- 7-27 

150 

1- 25 


1 

. e 

i 7 

2 

S 










24 

96 

7.83- 

.36 

Strain 17 


26- 50 



c 

.a 

3 

2 










22 

SS 

7.09- 

.25 



Total 



1 

. 12 



: is 

i 5 

i 10 



_ 

_ 









7.4S= 

.22 
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TABLE IV— Concluded. 
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1-7-27 

1S7 

1- 50 



23 

13 

2 

1 

2 





1 




42 

S4 

6. 76i 

.34 

Strain 1 


51-100 



22 

11 

1 

1 

i 





1 




37 

74 

6. 57db 

.36 



Total 



45 

24 

“3 

2 

3 





2 




79 

79 

6.6?i 

.25 






















Si 


110 

1- 25 



9 

5 

i 







1 

l 



17 

6S 

S.06± 

.97 

Strain 16 


26- 50 



12 

5 

i 



1 








19 

76 

6.26i 

.37 



Total 



21 

10 

2 



1 




1 

1 



36 

72 

7.11± 

.51 

1-19-27 

400 

1- 50 



14 

17 

6 

3 

1 





1 




42 

S4 

7.43± 

.33 

Strain IS 


51-100 



3 

S 

4 

6 

4 

2 




1 




2S 

56 

9.93± 

.49 



Total 



17 

25 

£ 

9 

5 

2 




2 






S. 43 dr 

.29 


630 

1 - so 



E 

9 

7 

4 

3 






1 



31 

62 

S.6Sdfc 

.47 

Strain 19 


51-100 



E 

19 

o 

4 

i 

1 




1 




34 

6S 

S.24i 

.40 



Total 



12 

2S 

10 

S 

4 

1 




1 

l 



65 

65 

S.45i 

.31 

2-2S-27 

500 

1- 25 



10 

9 


1 


1 








21 

S4 

6.62± 

.35 

Strain 34 


26- 50 



12 

S 














SO 

5. S0± 

.15 



Total 



22 

17 


1 


1 








41 

S2 

6.22i 

.20 


590 

1- 25 



9 

S 

2 

1 










a 

m 

6. 50± 

.25 

Strain 19 


26- 50 



9 

7 

3 





l 

1 





21 

S4 

7. 67 i 

.62 



Total 



IS 

15 

5 

1 




l 

1 





41 

S2 

7. lOi 

.35 


320 

1- 25 



13 

3 

3 











19 

76 

5.95 i 

.23 

Strain 33 


26- 50 



10 

5 

i 

1 

1 


1 







19 

76 

7. iii 

.50 



Total 



23 

s 

4 

1 

1 


1 







3S 

76 

6.53i 

,2S 


540 

1- 25 



12 

3 

1 

1 




i 






IS 

72 

6. 67dr 

.5-1 

Strain 32 


26- 50 



9 

5 

2 

1 










17 

6S 

6. 41 i 

.29 



Total 



21 

s 

3 

2 




l 






35 

70 

6.54± 

.31 

5- 2-27 

420 

1- 25 



13 

s 

i 











22 

ss 

5. 91 ± 

.17 

Strain 50 


26- 50 


1 

s 

6 

3 











IS 

72 

6. 22± 

.26 



Total 


t 

21 

14 

4 











10 

i 

6.05i 

.15 


receiving a given culture was divided arbitrarily into two subgroups 
of equal numbers, and the mortality of each compared with that of the 
total group. Hence a mean daily mortality figure was obtained and 
the extent of deviation from this mean of each subgroup noted. 
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Tes} 1 . T/ie Vintlcncc c/ Freshly Isolated and Stock Epidemic Strains. 
Strain 1 was obtained from the heart’s blood of a susceptible Lathrop mouse, 
October IS, 1926, 2 days before the outbreak of a severe epidemic; Strain 4 from a 
similar animal, November 17, 1926, just prior to a similar wave. Strain 6 was 
isolated at the peak of an epidemic, August, 1925, from an individual of a different, 
though similar population. Since that time, it has been kept on plain agar at 
4°C. On November 22, 1926, each strain was given to 50 mice which were then 
numbered and placed in separate jars. Two groups of twenty-five mice each were 
made arbitrarily for comparison oi results. The dosage employed was as follows: 
Strain 1, 720 organisms per mouse; Strain 4, 200 organisms per mouse; Strain 6, 
175 organisms per mouse. The results are summarized in Text-fig. 4 and Table IV. 



The mortality of the groups receiving Strains 1 and 4 was similar 
throughout the period of the experiment. 84 and 86 per cent re- 
spectively, were dead on the 40th day. The final deviation from the 
mean of the subgroups was 8 and 6 per cent, and the average daily devia- 
tion 7.4 per cent for mice receiving Strain 1 and 8.6 per cent for those 
receiving Strain 4. The death rate of the group receiving Strain 6 
was lower during the 1st week but deaths continued over a longer 
period of time. The final mortality was 74 per cent, with a deviation 
of subgroups from the mean of 6 per cent and an average daily devia- 
tion of 1.5 per cent. The mortality curves of the groups receiving 
Cultures 1 and 4 parallelled closely the standard mortalitv curve. 
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The two cultures, therefore, may be considered to be of equal virulence. 
Culture 6 seemed somewhat less effective, but this discrepancy is 
believed to be due to differences in actual dosage of bacilli received, 
rather than to any difference in their degree of virulence. 

Test 2. The Virulence of Freshly Isolated “ Epidemic ” Strains Taken from the 
Nasal Passages of Healthy Mice. — Three strains were used in this test, — Strain 11 
was obtained from the nasal passages of a healthy mouse of the so called “Fried- 
lander” population 1 day prior to tire outbreak of a severe epidemic, and Strain 12 
from a similar mouse in the same population 1 week before the same outbreak. 
Strain 1 was again employed as control. Each culture was instilled into forty 
mice. The dose of Strain 1 proved to be 195 organisms per mouse, of Strain 11, 
450, and Strain 12, 375. The results are shown in Text-fig. 5 and Table IV. 

Tfer 
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Text-Fig. 6. 




The final mortality of the group receiving Strain 11 was 85 per cent 
with a deviation of the subgroups from the mean of 5 per cent and an 
average daily deviation of 7.4 per cent; that of the group receiving 
Strain 12 was 55 per cent, with a variation between groups of 10 per 
cent on the final day, and an average daily deviation of 4.9 per cent, 
while the final mortality of Strain 1 group was 70 per cent, until a 5 
per cent variation and an average daily deviation of 5.6 per cent. The 
apparent low activity of Strain 12 was due, we believe, to undeter- 
mined differences in actual dosage received and not to a difference in 
virulence. 
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Test 3. The Virulence of “ Epidemic ” Straws Taken from the Nasal Passages of 
Surviving Mice . — Strains 13 and 15 came from individuals of the same population 
as Strains 11 and 12, and were obtained at the height of the epidemic mentioned 
above. The mice appeared healthy at the time the cultures were taken and sur- 
vived the epidemic. Strain 1 was run at the same time as a control. Each 
culture was given to 50 mice. The dose of Strain 1 proved to be 960 organisms 
per mouse, of Strain 13, 225, and of Strain 15, 580. The results are summarized 
in Text-fig. 6 and Table IV. 

The mortalities in all three groups were similar and approximated 
dosely the figures of the standard mortality curve. 90 per cent of the 
Strain 1 group were dead on the 40th day, with the subgroups showing 

Tfer 

cent 



a final deviation of 2 per cent and an average daily deviation of 2.2 
per cent. The mortality of the group receiving Strain 13 was 80 per 
cent, subgroup variation 8 per cent, and an average daily deviation 
of 7.2 per cent, and that of the group given the No. 15 culture was 
<2 per cent, with subgroups identical at the end of the test and showing 
an average daily deviation of 1.3 per cent. The three cultures tested, 
therefore, may be considered as equally virulent. 

Test 4. The Virulence of “Epidemic” Strains Takcnf ran: II carl's Blood of Infected 
Individuals . — Strain 16 came from a susceptible mouse of one of the special 
populations designated “G” population, at the height of a severe and long epi- 
demic. Strain 17 came from a mouse of another special population designated 
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“Friedlander” population, also during the plateau of a severe and long spontaneous 
epidemic wave. Strain 1 was run simultaneously as a control. One hundred and 
eighty-seven bacilli of Strain 1 were given to each of 100 mice, 110 of Strain 16 to 
each of 50 mice, and 150 of Strain 17 to each of 50 mice. The results are shown 
graphically in Text-fig. 7 and Table IV. 

The mortality curves of all three series are similar and follow quite 
closely the standard control curve. The final mortality of the Strain 1 
group was 79 per cent, with a subgroup variation of 5 per cent and an 
average daily deviation of 4.3 per cent; of the Strain 16 group, 72 per 
cent, subgroup difference 4 per cent, and average daily deviation 5.2 
Ter 



per cent, and of the Strain 17 group 92 per cent, subgroup variation 
4 per cent, and average daily deviation 4.2 per cent. The three cul- 
tures therefore may be considered to possess equal virulence. 

Test 5. The Virulence of “ Epidemic" Strains from the Nasal Passages and Circu- 
lating Blood. — Strain IS was obtained from the nasal passages of a healthy mouse 
of the special “G” population at the height of a severe epidemic. The individual 
from which this culture was taken survived. Strain 19 came from the blood of a 
mouse of “No. 6” population, dying at the height of a severe epidemic wave. Each 
culture was administered to 100 mice in doses of 400 and 630 organisms per mouse 
respectively. The results are charted in Text-fig. 8 and Table IV. 

The mortality of each group was almost identical, and differed from 
that of the standard control curve by a small margin. The final 
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mortality of the No. 18 group was 70 per cent, subgroup difference, 
14 per cent, average daily deviation 14 per cent; that of the No. 19 
group was 65 per cent, with a subgroup variation of 3 per cent, and an 
average daily deviation of 2.9 per cent. For the instance of the large 
deviations in subgroups from the mean in the case of the No. 18 group, 
-which is unique, we offer no present explanation. Nevertheless, 
these cultures may be considered equal to each other and to agree with 
Strain 1 in virulence. 

Test 6. The Virulence of “Epidemic” ar.d “Surviving” Strains — Strain 19 was 
described in Test 5. Strains 32 and 33 came from the lungs of two mice of the 


Per 



“No. 6” population dying at the peak of a severe epidemic. Strain 34 came from 
the nasal passages of an individual of the same population, which had lived 
throughout the entire epidemic and was surviving and healthy in the interepidemic 
period at the time the culture was taken. Each strain was administered to 50 
mice,— 590 organisms per mouse of No. 19, 540 of No. 32, 320 of No. 33, and 500 
of No. 34, the results of which are shown in Text-fig. 9 and Table IV. 

The mortality curves resemble one another and the standard con- 
trol curve of Strain 1. 82 per cent of the No. 19 group were dead on 
the 40th day. The final deviation of the subgroup was 4 per cent, and 
the average deviation 2.7 per cent per day. The final mortality of the 
No. 32 group was 70 per cent, with a final subgroup deviation of 2 per 
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cent and an average daily deviation of 1.5 per cent. That of the No. 
33 group was 76 per cent, with no final difference in the subgroups and 
an average daily deviation of only 1 per cent; that of the No. 34 group 
was S2 per cent, with a final and average daily deviation of 2 per cent. 
These strains and Strain 1, then, are considered to be of the same 
virulence. 

Test 7. The Virulence of a Surviving Culture, Strain 35 . — This strain was ob- 
tained from the only carrier of the “No. 10” population, surviving a severe epi- 
demic wave which had occurred 2 months previously. Within a week after the 
culture had been obtained from this mouse, it ceased to yield the Friedlander 

Per 

cent 



Text-Fig. 10. 


bacilli and at about the same time the disease disappeared entirely from the 
population. Two groups of twenty-five mice each were given the culture in a dose 
of 420 organisms per mouse. The results are shown in Text-fig. 10 and Table IV. 

The mortality of each group is seen to approximate closely the figures 
obtained from the standard control curve. This culture, therefore, is 
considered to be of the same virulence as Strain 1 and all cultures 
previously tested. 

The precision of the virulence titrations is ascribed to the fact that 
the experimental conditions were arranged so as to eliminate as many 
disturbing, unknown factors as possible, and to reproduce as nearly 
as possible natural conditions of infection. Hence the conclusion 
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seems justified that the virulence of type-pure mouse strains of Fried- 
lander -like bacilli, with which we have dealt, remains constant under 
natural conditions . 2 Mucoid strains kept type-pure on agar do not 

2 Dr. Gcr, Yen analyzed the results of these virulence titrations and commented 
upon them as follows: “The results of Tests 1 to 7 inclusive may be analyzed for 
the influence of period in the epidemic at which the cultures were isolated in 
relation to death rate. This analysis is complicated by the effect of variation in 
dosage. There are at least two culture tests made for each group which will give 
some appreciation of this factor, however. Cultures before peak of epidemic 
were 1, 4, 11, and 12; at peak 6, 13, 15, 16, 17, 18, 19, 32, and 33, and in the inter- 
epidemic period were 34 and 50. The material is set out below: 


Variance Degrees of Sam of Mean 

freedom square square 

Between tests 18 2990 166.1 

Within tests 19 1384 72.8 Z = .412 where for P = .05 Z — .43 

Total 37 4374 


“The variation between tests is greater than that within tests, as in the previous 
results for Strain 1. The significance of this difference is questionable, however. 
Z = but .41 while Z for P = .05 = .43. Furthermore, the variation between 
tests does not show the consistent relation when plotted against dosage of bacteria, 
that was previously shown for Strain 1 . In fact, the death rates appear to be quite 
random so far as dosage is concerned. 

“Two of the 18 degrees of freedom between tests are due to the point in the 
epidemic where the bacilli were isolated as indicated above. Dividing the data 
thus the variance and its associated constants are: 

Variance Degrees of Son of Mean 

freedom square square 

Between epidemic points 2 150 75.0 

Within epidemic points 16 2840 177.5 Z = .431 where forP = .05 Z *= 1.48 

Total IS 2990 


“The analysis of the data on the epidemic point of bacterial isolation shows that 
the variation between epidemic points is much less than that within the different 
groups. The conclusion is consequently justified that the epidemic point of iso- 
lation of the bacteria plays no part in the total fatality of the epidemic it initiates 
in the Fricdliindcr disease of mice. The differences within and between epidemic 
point groups arc not significantly differentiated since Z = .43 while for P = .05 Z 
must be at least 1.48. 

The rapidity with which the organism kills for those animals dying offers 
another measure of the possible effect of period in the epidemic during which the 
organism was isolated. For the three groups as utilized above the average dura- 
tion of life for those dying was for the prccpidcmic peak 8.14 ± .26;* peal: of epi- 

* Because of the skewness of the distributions these probable errors lose much 
of their meaning and must be interpreted with caution. 
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change in pathogenicity; strains obtained from animals before, during, 
and after epidemic periods, and in interepidemic times all agree in * 
pathogenic activity, and strains taken from healthy carriers, from 
individuals acutely ill, and from animals dying of pneumonia and 
septicemia, are of the same high virulence. On the other hand, rough 
strains, developed in the laboratory, exhibit much lower virulence. 
The rough variant types were not observed to occur spontaneously at 
any phase of the natural infection. 

DISCUSSION. 

Throughout the studies of spontaneous Friedlander-like bacillus in- 
fection among special mouse populations, the conditions of experimen- 
tation were so controlled as to permit an analysis of the main factors 
determining the amount and spread of the disease. The cultures of 
Friedlander-like bacilli used in the present study were obtained from 
mice in these special populations, during various epidemic and en- 
demic phases of the infection. 

Hence, special attention is directed to the virulence titrations re- 
corded in this paper, since they show that strains of bacilli derived from 
mice at epidemic and postepidemic periods, are of one type, of uniform 
and constant virulence, and in these respects conform to the observa- 
tions made in earlier studies on mouse paratyphoid (1, e) and enteri- 
tidis (1, a) infections, and rabbit Pasteurella (1,/) infection. 

The results of virulence determinations reported by us are not in 


demic group 8.11 ± .14; and interepidemic group 6.14 ± .12. Clearly there is a 
difference between the duration of life of the third and remaining groups. The 
bacteria of the interepidemic period appear to kill more rapidly and with less 
variation in time than those in the preepidemic or peak epidemic periods. The 
drawing of this conclusion does not appear to be justified, however, for if the data 
be examined, a dear association between tire experimental groups is noted when 
these groups are arranged by dates. This assodation is largely due to the rela- 
tively long time which was taken to kill on the date of the first experiment and 
the short duration of life for the last two experiments. Wien the influence of 
the factor of time of experiment is removed the differences between the three 
groups of bacteria in tire time with which they lull become insignificant, or there 
is no detectable influence of time of isolation of the bacteria and the duration of 
life for those mice which die." 
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accord with, the views expressed by Topley, Lockhart, and Green- 
wood, in their papers on experimental epidemiology. These authors, 
it is true, have discussed the subject of virulence rather from the 
theoretical than from the experimental point of view, since they 
report few actual titrations of the mouse typhoid organisms with which 
they deal. 

In order to make this divergence of attitude clear, we venture to 
review the papers of Topley and his associates at some length. 

In 1919 (18), a series of tests of virulence, without control observations, is re- 
ported by Topley, in which mice of varied breeds, without known history affecting 
age, food, surroundings, and exposure to infection, were employed. Smallnumbers, 
all kept together in one cage, were used for each test. The culture employed was 
a stock strain of Pasteur Institute Danysz bacillus, fed on bits of bread. Survival 
of the animals following this procedure was, for the most part, random and unpre- 
dictable, and yet the varied effects were taken asmdicatmgfluctuationsinmicrobic 
virulence taking place during the experiments. No other possible factor seems to 
have been considered, and the results were cited as evidence in favor of the thesis 
stated in the earlier paragraphs of Topley’s paper, that “an increase in the patho- 
genicity of the specific parasite is an essential factor in the rise of epidemics” (18). 

That this view was premature and not conclusive is indicated in a later paper 
by Topley’s associate, Lockhart (19), who states that “these experiments 
(Topley’s) were not, however, especially designed to permit the observation 
of variations in bacterial virulence, other conditions being kept constant, and the 
conclusions based upon them must, therefore, be regarded as purely inferential 
and tentative” (page 50). 

As, however, Lockhart did not control the host factor in his own tests, and 
remarks, with reference to his own test inoculations by way of the natural mouth 
portal of entry, “It is quite certain that, using any number of mice between 20 and 
50, the form of the (mortality) curve will vary widely and in a random manner” 
(page 60), he resorted to intraperitoneal inoculations. This procedure, although 
useful in some ways, throws no light on the behavior of host and microbe under 
natural conditions. (Lange’s recent experiments also demonstrate this (21).) 
Four of five of Lockhart’s attempts to increase virulence by animal passage were 
reported as negative; nevertheless he states that while he has “not succeeded in 
controlling, or varying at will, the virulence of a given strain of B. aertrycke” 
(page 82), he docs regard his tests as showing that “fluctuations in the virulence 
of B. aalryckc certainly occur” (page SI). 

Another of Topley s collaborators, Wilson (20), later confirmed a view held by 
us in stating that there is no experimental evidence to support the hypothesis of 
a geometric rise and fall of bacterial virulence. 
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In other words, the point of view which has grown out of our own 
experiments (1, a, 1, e, 1,/, and the present paper) and the latest views 
of Topley’s collaborators are coming more and more nearly to agree 
with each other. 

Turning again to the results reported in the present paper, one may 
say that when the conditions of host and pathogenic organism are 
adequately controlled, it is found that mice react to the Friedlander- 
like bacilli in the same manner as has been stated to occur with other 
native animal infections, — that is, they do actually differ in respect 
to their native and acquired ability to resist infection (1, g). In the 
case of the Friedlander-like bacillus infection, as in the instances 
of other mouse and certain rabbit infectious diseases, we regard the 
several kinds of clinical manifestations — the septicemic, pulmonary, 
local or nasal infections, and the carrier state — not as sharply separated 
clinical conditions, but altogether as the sum total of the disease, 
each particular manifestation of which representing the momentary 
degree of resisting power of individual animals affected. 

SUMMARY AND CONCLUSIONS. 

A spontaneous respiratory disease of mice incited by Friedlander- 
like bacilli has been described. The bacilli inducing the disease, while 
morphologically and culturally indistinguishable from the usual 
varieties of Friedlander bacilli, are antigenically distinct from the 
common type strains known. The bacilli grow better in cultures at 
23°C. than at 37°C. 

The disease in mice displayed an incubation period of about 48 
hours. About 50 per cent of an exposed population succumbed to 
septicemic and acute hemorrhagic, pneumonic processes. Among the 
exposed animals were some individuals which remained apparently 
well and carried the pathogenic bacilli in their nasal passages. 

The several manifestations of the spontaneous disease were repro- 
duced by instilling small numbers of the cultured bacilli into the nasal 
passages. 48 hours after inoculation, certain mice had already 
succumbed; the deaths continued to occur, so that by the end of 
the 2nd week, 70-SO per cent of the animals had died. Among the 
survivors certain carriers of the bacilli in the nasal passages occurred; 
a few appeared entirely refractory to the infection. The succumbing 
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mice showed at autopsy and by culture septicemia and diffuse 
pneumonic inflammation. 

No fluctuation in virulence could be detected in bacilli derived from 
mice while the disease was spreading spontaneously at the periods of 
epidemic rise, interepidemic interval, or postepidemic quiescence. 
Moreover, the bacilli cultured from the nares of apparently healthy 
carriers were equally pathogenic with those taken from the blood and 
lungs of animals succumbing quickly. 

No rough colony variants were cultured at any phase of the spon- 
taneous disease, although they were readily obtainable by artificial 
culture. The variant strains proved stable and of low virulence. 

This Friedlander bacilli infection in mice takes several clinical 
courses, depending on variations in host reaction and not depending on 
bacterial variation. The particular type of infection manifested is 
determined by the degree of resisting power displayed by the infected 
animals at the moment that the infection occurred and progressed. 

We desire to thank Dr. L. Julianelle for his kindness in titrating the 
mouse Friedlander strains in his type sera, and Dr. John W. Gowen 
for analyzing mathematically the experimental data on which a part 
of this paper is based. 
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EXPLANATION OF PLATE 33. 

Figs. 1-3. Mouse strains of Friedlander’s bacillus. Smooth and rough 
colonies. X 5. 
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IMMUNOLOGICAL STUDIES IN RELATION TO THE 
SUPRARENAL GLAND. 

I. Hemolysin Formation in Normal Rats. 

By J. MARMORSTON-GOTTESMAN, M.D., and DAVID PERLA, M.D. 

( From the Laboratory Division oj Montefiore Hospital, Ncj> York.) 

(Received for publication, February 6, 1928.) 

In the course of studies in this laboratory on tbe effect of suprarenal- 
ectomy on antibody formation, it became necessary to determine tbe 
hemolysin formation in normal rats. The hemolysin formation in 
several animals, particularly tbe rabbit, has been thoroughly inves- 
tigated, but few studies on hemolysin formation in rats have been 
reported. In relation to a study of the effect of x-ray on antibody 
formation, Hektoen (1) produced fairly high hemolysin titers in rats 
with a small single intraperitoneal injection of sheep cells. Rats 
present certain peculiarities in immunity phenomena which make such 
studies of interest. A normal rat produces relatively slight precipitin 
(2). A state of local hypersensitiveness cannot be induced by injec- 
tions of a foreign protein (2). Anaphylactic shock is produced with 
some difficulty ( 3) . Rats withstand huge quantities of various poisons 
and toxins such as diphtheria (6), tetanus toxin (7) and histamine 
(4,5). 

Method. 

The blood of the sheep was received in a preserving fluid recommended by Rous 
and Turner (8), consisting of isotonic solutions of glucose and sodium citrate. 
Cells were never kept longer than 6 days in this fluid and control daily fragility 
tests were employed. The cells used for injection and testing were washed three 
times with physiological salt solution to which was added .1 per cent of calcium 
chloride as recommended by Snapper (9) to prevent a disturbance of the osmotic 
equilibrium between the red blood cells and the saline solution. Single and multi- 
ple injections of varying quantities of antigen were given intraperitoneally and 
comparative studies of the hemolysin formation were made. Blood was obtained 
at intervals from the rats by puncturing the heart and withdrawing 1 to 2 cc. of 
blood. It was necessary to fix the rat on a board specially constructed and to 
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introduce the needle close to the sternum over the area of cardiac impulse. Re- 
peated punctures at one sitting increase the dangers of fatal hemorrhage, but with 
practice, fatalities were reduced to less than 5 per cent. 

In determining the titer of hemolysin present in the serum, progressive dilu- 
tions of the rat serum to be tested were made. .1 cc. of a 5 per cent suspension of 
sheep cells and 2-1 units of complement were added. The total volume of each 
tube rvas brought up to 1 cc. with physiological saline. The tubes were incubated 
at 37° during 30 minutes and readings were made immediately. Traces of hemoly- 
sis equivalent to a one plus or lesser reading on a scale in which four plus repre- 
sents complete hemolysis, were disregarded. That dilution in which hemolysis 
was partial but definite, that is, a two plus reaction, was read as the titer of the 
hemolysin present in the serum. 

Hemolysin Formation after a Single Intra peritoneal Injection of Sheep 

Cells. 

Twenty adult albino rats raised in the laboratory, from Wistar 
Institute stock, and all of approximately the same size and age, were 
used in this series. 1 cc. of a 10 per cent suspension of washed sheep 
cells was injected intraperitoneally into each rat. The titer was first 
determined 5 days after the injection and subsequent determinations 
were made on the 8th, 11th and 14th days. As noted in Table I, 
the height of the antibody formation is reached on or about the 5th 
day. The titer then gradually drops and is either very low or dis- 
appears entirely 14 da}'s after the injection. The hemolysin titer in 
normal adult rats injected with 1 cc. of a 10 per cent suspension of 
sheep cells varies from 1:4000 to 1:24,000. Occasionally a titer of 
1 : 2000 or 1 : 1600 is noted and in some rats the titer falls below this. 
The variation is considerable but it is not as striking as in rabbits. 
Although a high titer is readied with one injection of a small quantity 
of red blood cells, it is not maintained. The titer drops from 1 : 16,000 
on the 5th day to 1:4000 or 1:2000 on the 8th day, and rapidly to 
1:800 or 1:400 on the 11th day, while by the 14th day, it is about 
1:200. The average initial titer of the twenty rats was 1:7000 on 
the 5th day; on the 8th day, the average titer was 1 : 3270; on the 11th, 
it w r as 1 : 580 and on the 14th day, the average titer w r as 1 : 200, although 
the titer in several animals had practically disappeared at this time. 

A single injection of ten times this amount or 1 cc. of undiluted red 
blood cells w r as given to eight rats. It is seen from Table II that in 
these instances no titer exceeded 1:4000 and many titers were much 
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lower. The average initial titer in the rats in our series was 1:2000 
after 5 days as compared with the average titer of 1:7000 of the 
previous series. The second and third readings were correspondingly 
lower (see Figs. 1 and 2) . 

Single injections of .5 cc. of a 10 per cent suspension had the same 
effect on hemolysin formation as 1 cc. of a 10 per cent suspension. 


TABLE i. 


Hemolysin Formation in Normal Rats, Each Receiving a Singh Iniraperitoncal 
Injection of 1 Cc. of a 10 Per Cent Suspension of Washed Sheep Cells and 
Tested at Inlereals of 5 , 8, 11 and 14 Days after the Injection. 


Rat No. 

Tiler 

5th day 

£th day 

11th day 

14 th day 

61 

6,000 

2,000 

600 

100 

62 

2,000 

200 

160 

200 

63 

24,000 

8,000 

1,600 

600 

64 

2,000 

2,000 

200 

80 

65 

32,000 

16,000 

2,000 

600 

66 

3,000 

2,000 

160 

150 

27 

4,000 

Died 



30 

300 

160 

10 

20 

SS 

8,000 

800 

1,000 

300 

89 A 

12,000 

1,000 

SOO 

100 

103 A 

1,600 

Died 



104 B 

400 

1,000 

80 


105 

8,000 

2,000 

200 


134 

1,600 

1,600 

600 


135 

1,000 

800 

400 

200 

154 

1,000 

800 

400 

160 

16 

4,000 

1,600 

600 

so 

17 

12,000 

800 

600 


23 

16,000 

2,000 



22 

800 

160 




lion ever, with injections of .2 cc. of a 10 per cent suspension of sheep 
cells,, antibody titers were considerably less than with 1 cc. of the 
dilution, although not in mathematical proportion. With single 
injections of .05 cc. of a 10 per cent suspension or one-twentieth the 
amount first used, the hemolysin titer rose to a maximum height of 
1 : S00. As will be noted in Table III, the antibody formation in many 
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TABLE II. 


Hemolysin Formation in Normal Rats, Each Receiving a Single Inlraperitoncal 
Injection of 1 Cc. of Undiluted Washed Sheep Cells and Tested at 
Intervals of 5, 8, 11 and 14 Days after the Injection. 


Rat No. 

Tiler 

5th day 

8 tli day 

llth day 

14th day 

139 


600 

WMBM 

■ 

140 

Qr; 

2,000 


■ 

141 


400 

160 


142 


1,600 

800 

200 

143 

800 

2,000 

2,000 


144 

: . 

200 

400 


151 


1,000 

600 

400 

152 

1,600 

1,600 



153 


600 

— 

400 


TABLE III. 


Hemolysin Formation in Normal Rats, Each Receiving a Single Introperitoneal 
Injection of Small Amounts of a 10 Per Cent Suspension of Washed Sheep 
Cells and Tested at Intervals of 5, 8 and 11 Days after the Injection. 


Rat No. 

Amount injected 

10 per cent 
suspension 

Titer 

5th day 

Sth day 

llth day 






90 

1 1 



100 

94 

■ 

■ 

■ 

400 

95 

0.2 



800 

91 

0.1 



400 

96 

0.1 

ECm 


400 

97 

0.1 

■ 1 


800 

92 

0.05 


Died 


93 

0.05 

800 


0 

98 

0.05 

1,000 

9 

Died 

136 

0.05 

400 

ms 

30 

137 

0.05 

400 

400 

80 

13S 

0.05 

200 

400 

160 


instances was approximately one-twentieth as high as with twenty 
times the quantity of injected antigen. The relative curves with these 
varying amounts of antigen were similar, the titer disappearing on or 
about the 14th day (see Fig. 1). 


















Fig. 1. Curves of average hemolysin titers vrith varying quantities of antigen. 

. Curve of average hemolysin titer of 20 normal rats injected vrith 1 cc. 

of a 10 per cent suspension of sheep cells. 

Curve of average hemolysin titer of 9 normal rats injected with 1 

cc. of undiluted sheep cells. 

Curve of average hemolysin titer of 6 normal rats injected with 0.5 cc. 

of a 10 per cent suspension of sheep cells. 



Fig. 2. Antigen-antibody curve in 35 normal rats injected intraperitoneallv 
with varying quantities of sheep cells. The hemolysin titer in each instance is the 
average optimum titer obtained in each series. 

717 






718 


SUPRARENAL GLAND. I 


From these experiments, it may be concluded that in normal adult 
albino rats, relatively high hemolysin titers may be obtained with a 
single intraperitoneal injection of a small quantity of sheep cells. 
There is, however, an optimum amount, 1 cc. of a 10 per cent sus- 
pension, which produces a definitely high titer. This titer rapidly 
drops and practically disappears from the blood after a period of 14 to 
18 days. Amounts greater than this are not only ineffective in increas- 
ing the antibody formation but are followed by lower titers than those 
obtained- with one-tenth the quantity of antigen. Much smaller 

TABLE IV. 


Hemolysin Formation in Normal Rats, Each Receiving Three Intraperitoneal In- 
jections of Varying Amounts of Washed. Sheep Cells at Varying Intervals 
and Tested 5, 8, 11 and 14 Days after the Last Injection. 


Rat No. 

No. of 
injections 

Amount of each 
injection 

Interval 

between 

injections 

Titer 

Sth day 

Sth day 






days 



M 


145 

3 

1 CC. 1/10 

1 

2,000 

1,600 

1 

200 

146 

3 

1 “ 1/10 

1 

16,000 

1,600 

mm 

400 

147 

3 

1 “ 1/10 

1 

1,000 

400 

M 

100 

148 

3 

1 “ undiluted 

1 

2,000 

1,600 

400 

20 

149 

3 

| « tt 

1 

1,000 

400 

30 

40 

150 

3 

l « U 

1 


Died 



18 

3 

1 “ 1/10 

5 

160 

160 

300 

40 

19 

3 

1 “ 1/10 

5 

100 

200 

Died 


20 

3 

1 “ 1/10 

3 

4,000 

400 

300 

200 

21 


1 “ 1/10 

3 

4,000 

160 

100 

100 


amounts produce correspondingly lower titers although the ratio is not 
always mathematically proportional. 

Repeated Injections of Red Blood Cells. 

Three injections each of 1 cc. of a 10 per cent suspension of sheep 
cells were given to three rats at daily intervals. The hemolysin titer 
was tested on the 5th, 8th, 11th and 14th days following the last 
injection. From Table IV it is seen that the antibody titer tested 
on the 5th day after the last injection is less than that resulting from a 
single injection of antigen. The first test was made on the 8th day 
following the first injection of antigen, and if Table IV is compared 
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with Table I, it is noted that the titer 5 days after the last of three 
injections repeated at daily intervals with 1 cc. of a 10 per cent sus- 
pension is about the same as on the 8th day following a single injection 
of 1 cc. of a 10 per cent suspension. It would seem that repeated 
injections at daily intervals failed to increase the antibody formation. 

TABLE V. 


Hemolysin Formation in Normal Rats, Each Receiving Three Intraperitoncal In- 
jections of a 10 Per Cent Suspension of Washed Sheep Cells at 5 Day Intervals. 


Rat No. 

# No of 
injections 

Date of 
inj’ection 

Amount injected 
10 per cent 
suspension 

Date tested 

Titer 

i 

3 

9/ 7/27 

cc. 

0.5 

9/ 7/27 

o* 



9/12/27 

0.5 

9/12/27 

8,000 



9/17/27 

0.5 

9/17/27 

200 





9/22/27 

10 





9/26/27 

O 

2 

3 

9/ 7/27 

0.5 

9/ 7/27 

0» 



9/12/27 

0.5 

9/12/27 

10,000 



9/17/27 

0.5 

9/17/27 

200 





9/22/27 

0 

3 

3 

9/ 7/27 

0.5 

9/ 7/27 

0* 



9/12/27 

0.5 

9/12/27 

16,000 



9/17/27 

1.0 

9/17/27 

200 





9/22/27 

40 





9/26/27 

10 





10/ 1/27 

20 

4 

3 

9/ 7/27 

0.5 

9/ 7/27 

0* 



9/12/27 

0.5 

9/12/27 

10,000 



9/17/27 

1.0 

9/17/27 

2,000 





9/19/27 

200 





9/22/27 

20 





9/26/27 

10 


Sera tested before first injection contained no i'.cmolvsin 


Three injections at intervals of 3 days, each of 1 cc. of a 10 per cent 
suspension of red blood cells were given to two rats. The hemolysin 
titer was determined on the 3rd, 6th, 9th and 12th days following the 
last injection. Here again, it is noted, from Table IV, that the anti- 
body titer was only slightly less than with a single injection . 
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Repeated injections at 5 day intervals, each of .5 cc. of a 10 per cent 
suspension for three injections, were given to several rats. The anti- 
body titer was determined before each injection. From Table V 
it is seen that in spite of repeated injections of .5 cc. of a 10 per cent 
suspension of red blood cells, the titer never exceeded the initial rise 
which it reached 5 days after the first injection. Furthermore, in. spite 
of repeated injections, the titer dropped progressively exactly as in 
the instances with a single injection. Subsequent injections had prac- 
tically no effect on the curve of antibody formation produced by the 
first injection. 

Repeated injections of similar amounts of antigen at daily intervals, 
or at intervals of 3 or 5 days, do not increase the antibody titer nor 
do repeated subsequent injections of the same amount of antigen 
modify the curve of hemolysin formation resulting from the first 
injection. 


DISCUSSION. 

The curve of the hemolysin titer in healthy rabbits has been carefully studied by 
Bulloch (10), Sachs (ll),Liidke (12) and Remy (13). Following single or multiple 
injections of sheep cells, Bessau and Paetsch (14) and Sachs (11) observed a nega- 
tive phase during which no antibodies were detected in the serum. The length of 
this negative phase was observed by Sachs to be entirely independent of the amount 
of blood cells injected, but varied with the method of injection. Following the 
subcutaneous route, this period was generally 7 days, but in instances in which the 
intravenous or intraperitoneal route was used, this latent period was reduced to 
3 days (Bulloch) or to 2 to 4 days (Sachs). The hemolysin titer then rose to a 
maximum on the 5th to the 6th day where it was maintained for 24 hours after 
which it gradually fell. Wolf (15) observed a second rise in rabbits on the 7th to 
the 10th day. The titer then gradually dropped. There was no direct proportion 
between the amount of antigen injected and the antibody titer which was produced. 
Sachs studied the relation of amboceptor to red blood cells and complement in 
rabbits and found that the appearance of the immune body coincided with the 
disappearance of the foreign red blood cells from the circulation of the immune 
animal. Liidke (16) found that ox cells injected into rabbits subcutaneously 
completely disappeared in S days from the circulation, when hemolysin could first 
be detected. Probably the immune substances first formed by the injection of the 
antigen hemolyzed the red blood cells present in the circulation by specific action. 
In this process complement was also utilized. With the neutralization of the 
antigen present, the amboceptor became detectable. 
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In our work we have found that repeated injections of small amounts 
of red blood cells did not increase the titer of the hemolysin formed 
by a single injection nor did subsequent injections maintain the titer 
of hemolysin produced by the first injection. Possibly the amounts 
injected after the first injection were hemolyzed by existing amboceptor 
in the serum of the immunized animal and were therefore unable to 
stimulate further antibody production. 

Coca (17) found that after a single injection of 1 cc. of a 10 per cent 
suspension of sheep cells in rabbits, average titers 1 week after injec- 
tion reached a maximum of 1:250 (.004). When twenty times this 
quantity was used, the titer obtained was 1:154 (.0065), definitely 
lower than with the larger amounts. In rats, we found a similar 
antibody-antigen relation; with ten times the quantity of anfigen, the 
amboceptor titer dropped. Injections of smaller quantities of antigen 
in rabbits, Coca found, were more effective in producing a high titer 
than injections of larger amounts. The observations of Coca and 
others have shown, however, that in rabbits the number of injections 
and the intervals between injections influence the hemolysin titer. 
In rats, the titer following the initial injection of sheep cells was not 
raised by repeated injections of the same amount of sheep cells. 
Further subsequent injections had little effect on the curve of the 
hemolysin formation initiated by the first injection. 

SUMMARY AND CONCLUSION. 

Hemolysin formation was studied in normal rats. It was found 
that a single intraperitoneal injection of 1 cc. of a 10 per cent sus- 
pension of red blood cells results in an optimum high hemolysin titer 
5 days after injection. The titer gradually falls, the hemolysin dis- 
appearing from 14 to 18 days after the injection. Larger amounts are 
less effective in the production of amboceptor. Much smaller amounts 
produce correspondingly lower hemolysin titers, although the ratio is 
not mathematically proportional. Repeated injections of 1 cc. of a 10 
per cent suspension of red blood cells at daily intervals or at intervals 
of 3 or 5 days for three injections do not increase the hemolysin titer 
over that resulting from a single injection. Furthermore, the curve 
of antibody formation following a single small intraperitoneal injec- 
tion of red blood cells is not altered by subsequent injections of similar 
amounts. 
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IMMUNOLOGICAL STUDIES IN RELATION TO THE SUPRA- 
RENAL GLAND. 

H. Hemolysin Formation in Suprarenalectomized Rats. 

By DAVID PERLA, M.D., act J. AIARMORSTON-GOTTESMAN, M.D. 

( From the Laboratory Division of Monlefiore Hospital, New York.) 

(Received for publication, February 6, 1928.) 

There is a great deal of evidence both from morphological and phys- 
iological studies that the suprarenal gland plays a significant role in 
the defensive mechanism of the body against intoxication. During 
the past 7 years numerous observers have established that the resist- 
ance of suprarenalectomized rats and rabbits to trauma and to injec- 
tions of various poisons and toxins is markedly diminished, particu- 
larly during the first weeks following the operation. However, only 
a few studies on the antibody capacity of animals following bilateral 
suprarenalectomy have been reported. The literature bearing on the 
relation of the suprarenal gland to the formation of antibodies has been 
reviewed by Take and Marine (1). Experiments dealing with the 
antibody capacity of animals following bilateral suprarenalectomy 
have been limited because of technical difficulties. The most suitable 
laboratory animals are the rabbit and the rat since a high percentage 
of these animals survive bilateral suprarenalectomy. Take and Ma- 
rine found that bilaterally suprarenalectomized rabbits show hemolysin 
titers distinctly higher than the control animals. Jafie and Marine 
(2) observed that rats repeatedly injected with typhoid vaccine 3 
weeks following bilateral suprarenalectomy developed agglutinin titers 
slightly higher than normal control rats. The evidence presented in 
the literature, however, is of such a contradictory nature that further 
studies in this field seemed desirable. 

'Hie rat was chosen as the experimental animal as over 85 per cent 
of rats survive bilateral suprarenalectomy in good condition and these 
present a state of suprarenal insufficiency for a considerable period of 
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time. The presence of accessory cortical tissue accounts for the 
recovery and compensation in these animals. 

In a preliminary study on the hemolysin formation in normal rats, 
it was found that high titers were obtained following a single intra- 
peritoneal injection of a small amount of sheep cells (1 cc. of a 10 per 
cent suspension). This rapid method of immunization, therefore, 
is definitely advantageous in studying the early period after bilateral 
suprarenalectomy. The titer was determined at intervals of 5, 8, 11 
and 14 days after injection. 


M ethods. 

The methods used have been described in a previous communication (3) . Adult 
albino rats raised in our laboratory, from Wistar Institute stock, were used. The 
rats were all about 5 months old and of approximately the same weight. The 
suprarenal glands were removed at a single operation through the posterior route 
in the manner described by Jaffe (4).* Over S5 per cent of our rats survived 4 
weeks or longer after the operation. All rats were carefully autopsied after the 
experiments and the operated areas were examined, the presence or absence of 
gross accessory suprarenal tissue determined and the weight of the thymus re- 
corded. Blood for testing was drawn from the heart by puncture. 

In the first group of experiments to be reported, we studied the influence of 
varying the time interval following suprarenalectomy on the titer, keeping the 
amount of antigen injected constant. In the second group, the quantity of antigen 
injected was varied, but the time interval kept constant. In the first part of the 
work, all rats received a single intraperitoneal injection of 1 cc. of a 10 per cent 
suspension of sheep cells 2, 7, 14 and 28 days following the operation. A small 
series of unilaterally nephrectomized rats injected 2 weeks after the operation was 
tested as a control for operative trauma. In the second group of experiments, two 
series of suprarenalectomized rats were injected with .05 cc. of a 10 per cent 
suspension of sheep cells and 1 cc. undiluted sheep cells respectively, 2 weeks 
after the operation. In preliminary experiments, the range of hemolysin titers in 
normal rats had been determined with these amounts. Normal rats, and rats in 
which the perisuprarenal tissue was tom, were tested in both series. 

Twenty normal rats were injected with 1 cc. of a 10 per cent suspension of sheep 
cells and tested 5, S, 11 and 14 days after the injection. It was found that with 
this amount, the titer was above 1:2000 in over 70 per cent of the rats. A few 
rats showed low titers. 1 The average titer of these twenty normals was 1:7000. 


* Ether anesthesia was used in all operative procedures. 
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Hemolysin Formation in Bilaterally Suprarenaleclomized Rats Receiving 
a Single Inlraperiloneal Injection of 1 Cc. of a 10 Per Cent Sus- 
pension of Sheep Cells 48 Hours after Operation. 

Fourteen rats were used in the first series. Of these, six were bi- 
laterally suprarenalectomized, six were normal and two were trau- 
matized by tearing the perisuprarenal tissue. All were injected 

TABLE I. 


Hemolysin Formation in Bilaterally Suprarenalectomized Rats, Intrap eritoneally 
Injected 48 Hours after the Operation with 1 Cc. of 10 Per Cent Stispension of 
Washed Sheep Cells and Tested 5, 8, 11 and 14 Days after Injection. 
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intrapcritoncally with 1 cc. of a 10 per cent suspension of sheep cells 
48 hours after the operation. Tests were made at intervals of 5, 8, 11 
and 14 days. As will be noted in Table I the titers of the suprarenal- 
cctomizcd rats were markedly lower than those of the normal rats. 
SO per cent of the suprarenalectomized rats showed an initial titer of 
1:400 or less. Two suprarenalectomized rats showed a normal 
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titer. A comparison between the titer obtained in normal rats 1 and 
that found in rats following suprarenalectomy reveals a marked de- 
pression in hemolysin titer 48 hours after suprarenalectomy. If one 
examines the curve of antibody formation in those rats showing a 
low titer, it will be noted that there is a subsequent rise in hemolysin 
titer at the second reading, the peak of the curve being reached on the 
8th instead of the 5th day, as in the normal rats. The depression of 
antibody formation during the 1st week coincides with the marked 
depression in resistance of suprarenalectomized rats noted by numer- 
ous observers (2, 5-7). It was found by one of us (8, 9) that the 
height of susceptibility of rats to typhoid and to histamine poisoning 
is reached during the period from 5 to 7 days after bilateral supra- 
renalectomy. 

Hemolysin Formation in Bilaterally Suprarenalectomized Rats Re- 
ceiving a Single Intra peritoneal Injection of 1 Cc. of a 
10 Per Cent Suspension of Sheep Cells 7 Days 
after Operation. 

A second series of thirteen rats, nine of which were suprarenalecto- 
mized, two traumatized and two normal, was injected intraperitoneally 
with 1 cc. of a 10 per cent suspension of sheep cells 7 days after the 
operation. The titers were determined at intervals of 5, 8, 11 and 
14 days after the injection. From Table II it is seen that the supra- 
renalectomized rats still show a definite depression in antibody forma- 
tion. In two instances where the titer was 1:2000 and 1:3000 a 
fragment of suprarenal tissue had been left behind. These two 
instances are therefore excluded from consideration in the series. 
In this series, 40 per cent gave initial titers below 1 : 400, 85 per cent 
below 1 : 2000 and 14 per cent gave titers of 1 : 2000 to 1 : 3000 or within 
the low titer range of normal rats. The average titer 7 days after 
the operation was 1:1070 or approximately one-seventh that of nor- 
mal rats. These figures are slightly higher than those of Series 1, but 
they still show a definite depression in the hemolysin titer. It is 
obvious that the suprarenalectomized rats still yield definitely lower 
antibody titers when the rats were injected with small amounts of 
sheep cells 7 days as well as 48 hours after the operation. The titers 


1 See Table I of Paper I (3). 
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of the traumatized animals are likewise depressed. This observation 
will be discussed elsewhere in this paper. 

TABLE n. 


Hemolysin Formation in Bilaterally Suprarenaleclomized Rats, Intrap eritoneally 
Injected 7 Days after the Operation with 1 Cc. of 10 Per Cent Suspension of 
Washed Sheep Cells and Tested 5, 8, 11 and 14 Days after Injection. 
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Hemolysin Formation in Bilaterally Suprarenaleclomized Rais Receiving 
a Singh Inirapcritoncal Injection of 1 Cc. of a 10 Per Cent 
Suspension of Sheep Cells 14 Days after Operation. 

A third scries of twelve rats, eight of which were suprarenalecto- 
mized, two traumatized and two normal, was injected intraperitoneally 
with 1 cc. of a 10 per cent suspension of sheep cells 14 days after the 
operation and tested 5, 8, 11 and 14 days after the injection. From 
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Table III it is evident that the antibody titer was higher than in the 
series injected 7 days after the operation. In only one instance was 
the initial titer 1 : 800, and five animals or 60 per cent showed a titer 
above 1:2000. The average titer was 1:2770 or about one-half the 
titer of the normal rats. Several of the titers of the operated animals 
reached the lower normal range. It is interesting that after the 2nd 

TABLE III. 


Hemolysin Formation in Bilaterally Suprarenal cdomhed Rats, Intrapcriioncally 
Injected 14 Days after the Operation with 1 Cc. of 10 Per Cent Suspension of 
Washed Sheep Cells and Tested 5, S, 11 and 14 Days after Injection. 
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week, the capacity to form antibodies in response to injections of small 
amounts of sheep cells definitely rises, but is still somewhat below 
that of normal rats. As has been established by Jaffe (4) and Marine, 
there is a marked hyperplasia of the thymus and the lymph nodes 2 
weeks after suprarenalectomy. This may be a factor in the explana- 
tion of the compensatory rise in antibody formation at this time. 
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Hemolysin Formation in Bilaterally Supraremleclomiced Rats Receiving 
a Single Inlraperiloneal Injection of 1 Cc. of a 10 Per Cent 
Suspension of Sheep Cells 4 Weeks after Operation. 

A fourth series of nine rats, four of which were suprarenalectomized, 
two traumatized and three normal, was injected with 1 cc. of a 10 per 
cent suspension of sheep cells 4 weeks after operation. Two supra- 
renalectomized rats gave titers below 1:1000. At 4 weeks, the titer 
of hemolysin formation had not returned to normal but was definitely 
lowered. No d efini te comparison can be made from this small series. 

TAB IE IV. 


Hemolysin Formation in Bilaterally Suprarer.aleclomied Rats, Inlroperiloneolly 
Injected 28 Days after the Operation with 1 Cc. of 10 Per Cent Suspension of 
Washed Sheep Cells and Tested 5, 8 and 11 Days after Injection. 


£ 

d 

05 

Operation 

d 

L> 

C.C 
c o 

£3 

3^ 

c 

d* 

£ c 

c *"* 

Amount 

injected 

Titer 

Weight at operation 

« 

fa 

e 

*sc 

1 

jft 

O 

£ 

£ 

>» 

d 

cc. 

mil liny 



dayt 





i*. 

in- 


51 

Supra rcnalcctomv 

28 

1 cc. 1/10 

mi 


Dead 


160 


52 

« 

it 

it 

■ 

Dead 



170 

552 

53 

U 

ti 

If 



160 

175 

145 


55 

tt 

It 

It 

HUf 

Dead 


140 

130 

315 

57 

Traumatization 

it 

ft 

^BTcl 

Hi 

80 

220 

2S0 

1S5 

58 

it 


it 


mm 

160 

170 

— 

— 

103 A 

Control 

Hfi 

ft 


Dead 


250 

260 

223 

104 B 

it 

1 . 

ft 

■ 

P ; 

80 

245 

250 

186 

105 C 

it 

IB 

tf 



200 

290 

300 

261 


From these four series it may be concluded that in biliaterally 
suprarenalectomized rats, the hemolysin formation resulting from a 
single intraperitoneal injection of 1 cc. of a 10 per cent suspension of 
sheep cells is depressed in all periods up to and including 4 weeks 
following the operation. The depression is greatest during the 1st 
week, lessens slightly during the 2nd week and diminishes consider- 
ably during the 3rd week. After 4 weeks, the hemolysin titer is still 
below the normal reading. 
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Hemolysin Formation in Bilaterally Suprarcnalcclomizcd Rats Receiving 
a Single Intrapcritoncal Injection of .05 Cc. of a 10 per Cent 
Suspension of Sheep Cells 2 Weehs after Operation. 

The second group of experiments was carried out to determine the 
effect of varying amounts of antigen on the antibody formation. 

table v. 


Hemolysin Formation in Bilaterally Suprarcnalectomizcd Rats, Intra pcritoncally 
Injected 14 Days after the Operation with .05 Cc. of 10 Per Cent Suspension 
of Washed Sheep Cells and Tested 5, S and 11 Days after Injection. 
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In the first series of this group, fifteen rats were used, six of which 
were suprarenalectomized, six normal and three traumatized by 
tearing the perisuprarenal tissue. All were injected 2 weeks after 
the operation intraperitoneally with .05 cc. of a 10 per cent suspension 
of sheep cells (brought up to a volume of .5 cc.). This quantity of 
antigen represents onc-twentieth the amount used for injection 
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throughout the first group of experiments. It will be noted from Table 
V that the range of hemolysin titers in normal rats was from 1 . 200 to 
1:1000, the average titer being 1:500. In the suprarenalectomized 
group, the titers ranged from 1:20 to 1:400, the average titer being 
1:240 or one-half the normal. Here as in the first group of experi- 
ments, the hemolysin formation in rats injected 2 weeks after bilat- 
eral suprarenalectomy is less than that of the control rats. It is 
significant that as in the first group, the traumatized controls gave 
lower titers than either the normal or suprarenalectomized rats of 
this period. 

Hemolysin Formation in Bilaterally Suprarenalectomized Rots Receiving 
a Single Inlrapcritoneal Injection of 1 Cc. of Undiluted 
Sheep Cells 2 Weeks after Operation. 

In the second series of the second group eighteen rats were used, six 
of which were bilaterally suprarenalectomized, nine normal and three 
traumatized in the perisuprarenal area. All were injected 2 weeks 
after the operation with 1 cc. of undiluted sheep cells. In the normal 
rats of this series, hemolysin titers in no instance exceeded 1:4000. 
65 per cent showed titers below 1:2000. These titers are strikingly 
lower than those found in the normal rats injected with 1 cc. of a 10 
per cent suspension (one-tenth the amount). 1 The average titer in 
the series of rats injected with 1 cc. of undiluted sheep cells was 1:2000 
as compared with 1:7000, the average titer in the normal rats receiv- 
ing one-tenth the amount of antigen. 

Coca (10) found that small quantities of sheep cells are more effec- 
tive in the production of hemolysin in rabbits than larger amounts. 
There is a definite optimum antigen amount for the production of 
hemolysin in rats. Larger or smaller amounts are less effective. 

In contrast with this drop in hemolysin titer in normal rats injected 
with 1 cc. of undiluted sheep cells, the suprarenalectomized series 
injected 2 weeks after the operation with the same amount of antigen 
shows a definitely higher titer than that given by the normal rats. 
100 per cent gave a titer of 1:2000 or above, 90 per cent gave a titer 
above 1:4000 and 50 per cent, a titer above 1:8000! In the normal 
rats, only 40 per cent gave titers above 1:2000 and none gave titers 
above 1 :4000. 60 per cent gave titers of 1: 1600 or less. The average 
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titer in the suprarenalectomized animals injected with large amounts 
of antigen was 1 7330. Quantities of 1 cc. of a 10 per cent suspension 
produced slightly lower titers in suprarenalectomized rats when 
injected 2 weeks after the operation than in normal rats. Quantities 
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Fig. 1, The relation of hemolysin formation to the quantity of antigen injected 
in normal rats, in suprarenalectomized rats and in rats in which the perisuprarenal 
tissue had been traumatized. All rats were injected intraperitoneally 2 weeks 
after the operation and tested 5 days after the injection. The hemolysin titer in 
each group is the average optimum titer obtained in the series of rats with .05 cc. 
of a 10 per cent suspension, 1 cc. of a 10 per cent suspension and 1 cc. of undiluted 
sheep cells, respectively. 

ten times this amount, however, produced titers definitely higher in 
the suprarenalectomized rats than in the normal rats. The optimum 
antigen amount necessary to produce the highest titer in suprarcnal- 
ectomized rats injected 2 weeks after the operation, therefore, is 
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evidently ten times the optimum necessary to produce the highest 
titer in normal rats. 

The difference in curves illustrating the antigen-antibody ratio can 
be readily observed in Fig. 1. The titers obtained in suprarenalecto- 


TABLE VI. 


Hemolysin Formation in Bilaterally Stiprarenaleclomied Rais, Intrapcritoneally 
Injected 14 Days after the Operation mil: 1 Cc. of Undiluted Washed Sheep 
Cells and Tested 5, 8, 11 and 14 Days after Injection. 
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Fig. 2. Hemolysin formation with varying quantities of antigen in normal, 
suprarenalcctomized and traumatized rats. The curves indicate the course of the 
average hemolysin formation following a single intraperitoneal injection of .05 cc. 
of a 10 per cent suspension, 1 cc. of a 10 per cent suspension and 1 cc. of undiluted 
sheep cells respectively, 2 weeks after the operation. 

Normal rats. 

Suprarenalectomized rats. 

Traumatized rats. 
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Hemolysin Formation in Rats Receiving a Single Inlraperiloneal Injec- 
tion of 1 Cc. of a 10 Per Cent Suspension of Sheep Cells 2 
Weeks after Traumatization of the Perisuprarenal Tissue. 

Throughout the experiments reported in this paper, it had been 
observed that the traumatized control rats in all postoperative periods 

table vn. 


Hemolysin Formation in Bilaterally Traumatized Rats, Intraperitoneally Injected 
at Varying Days after the Operation with 1 Cc. of 10 Per Cent Suspension of 
Washed Sheep Cells and Tested 5, 8, 11 and 14 Days after the Injection. 
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including 4 weeks gave, with few exceptions, strikingly low titers. 
This finding vas so striking that in a series of rats the perisuprarenal 
tissue was traumatized, and the rats were subsequently injected with 
1 cc. of a 10 per cent suspension of sheep cells 2 weeks after the opera- 
tion. The titers were tested on the 5th, 8th, 11th and 14th days after 
injection. Rats 125 to 133 tabulated in Table VII record the results 
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of this series. One of the nine rats gave a titer of 1 : 2000; all the others 
were below 1:800. These titers corresponded in general with those 
given by the suprarenalectomized rats during the 1st week. This 
profound depression was still observed in Rat 57, 4 weeks after the 
operation. 

In four rats, one kidney was removed as an operative control. 
These rats were injected 2 weeks after the operation with 1 cc. of a 
10 per cent suspension of sheep cells. As indicated in Table VIII the 
titers were the same as in the normal unoperated rats. 

TABLE VIII. 

Hemolysin Formation in Unilaterally Ncphrcctomizcd Rats, Intrapcritoncally 
Injected 14 Days after Operation with 1 Cc. of 10 Per Cent Suspension of 
Washed Sheep Cells and T ested 5, S, 11 and 14 Days after the Injection. 
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It is justifiable to conclude from these observations that traumati- 
zation of the perisuprarenal tissue in some way results in a prolonged 
depression in antibody-forming capacity. This depression persists at 
the same low level from a few days after the operation to at least 
the 5th week. Traumatization of the perisuprarenal tissue in rats 
results in a depression of hemolysin formation which is even more 
marked than in a corresponding suprarenalectomized series at the 
same postoperative interval. It is suggested that traumatization of 
the perisuprarenal area probably results in severing or injuring the 
sympathetic or parasympathetic nerves innervating the suprarenals. 
This injury may cause a depression of function of cortex as well as 
medulla. 
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It has been thoroughly established by the work of Dreyer (11), 
Tscheboksarog (12), Stewart and Rogoff (13) and others that the 
output of epinephrine from the suprarenal gland is controlled by a 
nervous mechanism and that interruption of the nervous pathway 
results in a diminution of the epinephrine output. The extent of the 
nervous control of the cortex, however, is entirely unknown. Depres- 
sion of antibody-forming capacity to small amounts of antigen may 
be an expression of impaired suprarenal function. With the removal 
of suprarenal glands in rats, regeneration of thymus and lymphoid 
tissue occurs. This hyperplasia does not occur following traumatiza- 
tion of perisuprarenal tissue. This lymphoid hyperplasia may be in 
some way responsible for the partial recovery in suprarenalectomized 
rats of the antibody-forming capacity 2 weeks after the operation. 

DISCUSSION. 

It has been thoroughly established that the resistance of supra- 
renalectomized rats and rabbits to injections of various toxins is 
markedly diminished particularly during the first few weeks following 
the operation. As has been pointed out by Marine (14) and others, it 
is not established that antibody formation is necessarily an indication 
of resistance. However, it would appear a priori that during the 
height of diminished resistance, some depression in antibody reaction 
capacity may be expected. Our studies indicate that certainly in the 
1st week following suprarenalectomy, a marked hemolysin depression 
does occur and is most marked at the height of susceptibility. The 
significant chemical changes in the blood plasma known to follow 
suprarenalectomy may play a role in this depression. Physicochemi- 
cal changes such as change in the dispersion of the proteins in the 
serum, slight variations in the pH, variations in the concentration of 
metallic ions in the scrum may all play a part in the depression in 
hemolysin during the early period following suprarenalectomy. How- 
ever, the serum of suprarenalectomized rats when added in varying 
concentrations to sera of known hemolytic titer did not produce any 
depression of hemolysis. This adds further evidence that the de- 
pression in antibody formation in the early period after supra- 
renalcclomy may be due to a disturbance in the antibody-forming 
mechanism of the body. This depression coincides with the di- 
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minished resistance of rats to toxins and poisons during the first 2 weeks 
and may be intimately related to it. 

Marine and his coworkers (1, 4) found an increase in antibody 
formation following suprarenalectomy. They employed sublethal 
amounts of antigen. Their results are comparable with those in our 
work in which large amounts of antigen were used. Periods earlier 
than 3 weeks were not tested by these investigators. The effects of 
comparably small amounts of sheep cells were not tried. The rise in 
antibody production following the use of large amounts of sheep cells 
2 weeks after suprarenalectomy may be indirectly dependent on loss 
of suprarenal function and on the consequent lymphoid hyperplasia 
following suprarenalectomy. 

Traumatization of the perisuprarenal tissue had an effect similar 
to that of suprarenalectomy in depressing hemolysin formation partic- 
ularly during the 1st week following the operation. This depression 
persisted in all periods up to 4 weeks. It is interesting to note, how- 
ever, that with ten times the normal optimum antigen amount, the 
titers in the traumatized as well as in the suprarenalectomized rats 
were higher than in normal rats. 

SUMMARY. 

In a large series of suprarenalectomized rats, hemolysin formation, 
to a fixed amount of sheep cells injected intraperitoneally (1 cc. of a 
10 per cent suspension), was studied 4S hours, 7, 14 and 28 days after 
operation. The hemolysin formation was studied in suprarenalecto- 
mized rats injected 2 weeks following the operation, with one-twentieth 
and ten times this amount. Hemolysin formation in rats traumatized 
by tearing the perisuprarenal tissue and injected 2 weeks after the 
operation with 1 cc. of a 10 per cent suspension of sheep cells was 
studied and the results compared with those in the normal control rats. 
The effect of the operative procedure was controlled by removing one 
kidney in a series of rats and determining the antibody response to 
sheep cells. 

1. Bilateral suprarenalectomy in rats subsequently injected intra- 
peritoneally with 1 cc. of a 10 per cent suspension of sheep cells re- 
sulted in a depression of hemolysin titer during 5 weeks following the 
operation, the depression being most marked during the 1st week. 
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2. Bilaterally suprarenalectomized. rats injected intraperitoneally 
2 weeks after operation with 1 cc. of undiluted sheep cells gave hemo- 
lysin titers higher than did normal rats. 

3. The quantity of antigen necessary to yield the maximum titer 
in suprarenalectomized rats 2 weeks after operation is ten times the 
quantity necessary to yield the same titer in normal rats. 

4. Traumatization of the perisuprarenal tissue in rats produced the 
same effect on the antibody-forming capacity as suprarenalectomy. 

We wish to thank Dr. David Marine for his helpful advice and 
criticism throughout the course of this work. 
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INTRODUCTION. 

Two of us (C. B. and R. C.) have shown that the systemic tempera- 
ture can be raised by diathermy, but that there is relatively little local 
heat developed in the normal lung (1). Thermocouples placed in the 
lobes of the lungs of anesthetized dogs seldom registered more than 
0.4°C. higher than simultaneously recorded rectal temperatures. 
This is true in spite of the fact, now established (2), that the high 
frequency current produced by a diathermy machine actually pene- 
trates the body and passes through the lungs, generating heat in the 
tissues it traverses. Why there is no marked local elevation of tem- 
perature in these tissues has been shown to be due to the fact that the 
heat generated is rapidly disseminated throughout the body by the 
circulating blood. The blood leaving the lungs can be shown to have 
been heated by the current (3). If, however, the pulmonary circula- 
tion to one lung is interrupted, a precipitous rise in temperature occurs 
in the ischemic lung (4). The degree of local heating which occurs 
under these circumstances will depend upon the extent of interference 
with the pulmonary circulation. This can be shown by interrupting 
the flow of blood through one branch of the pulmonary artery-, leaving 
the veins patent and the bronchial circulation intact. There results 
from this procedure an increase of temperature in the ligated lung 
amounting to about 1.5°C. in excess of the temperature in the normal 
lung. The increase occurs immediately after the artery is clamped, 
while the subsequent rate of heating is similar to that in the control 

74 1 
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lung. When, on the other hand, the veins to one lung are ligated, the 
local heating is far greater than under the conditions just described. 
Reference to the figures in Paper II of this series will bring out these 
facts. 

From the foregoing, the implication seems obvious that a disease 
process accompanied by impairment of local circulation may be 
expected to provide conditions consistent with the production of local 
heat by the passage of high frequency currents through the region 
involved. That the pulmonary consolidation of pneumonia represents 
a disease process in which local circulatory impairment exists, there is 
evidence to believe. We cite in tins connection the pathological 
studies of Kline and Winternitz (5), the injection preparations of 
Gross (6) and the inferences to be derived from analyses of the oxygen 
saturation of the arterial blood (7). The present study was under- 
taken for the purpose of discovering whether the consolidated lobe 
could in fact be heated above the temperature of the uninvolved, 
relatively normal lung tissue. The difficulties attending the pro- 
duction of experimental lobar pneumonia in laboratory animals are 
well known. Though the pathological lesions which presented them- 
selves in the experiments about to be reported were not perhaps identi- 
cal with those commonly seen in human lobar pneumonia, they, at 
least, ma.y be said to simulate this condition and to represent a more 
or less complete consolidation of a lobe, or tire major part of it. 

We have found that such a consolidated lobe can be heated by a 
diathermy current of the strength generally used in therapy to a point 
approximately 1°C. to 2°C. above the temperature of the surrounding 
normal lobes. 

Methods. 

Dogs were used in all of these experiments. During deep ether anesthesia they 
were inoculated by the method of intrabronchial insufflation described by Lamar 
and Meltzer (8). Actively growing broth cultures of two varieties of organisms 
were used: B. fricdlxndcri Type B and Pneumococcus Type I. An effort to 
maintain virulence was made in the case of Friedlander’s bacillus by passage 
through guinea pigs, and in the case of pneumococcus by mouse passage. The 
cultures were injected intrabronchially in volumes varying from 1 to 3 cc. per 
kilo body weight. Even with careful control of conditions the results of these 
inoculations were uncertain and variable. Some animals died within 24 hours of 
inoculation, before the appearance of a pulmonary lesion. Others survived ap- 
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parently unha rmed. It was necessary to select animals for use on the basis of 
x-ray evidence of pneumonic consolidation. 

The method of lung temperature measurement and diathermy administration 
was the same as that previously described (1). Observations were made on the 
dogs after they had been anesthetized by the intravenous injection of a 10 per cent 
solution of barbital-sodium, the dose not exceeding 0.3 gm. per kilo body weight. 
The low initial temperatures often observed may be ascribed in part to the result 
of infection, in part to heat loss resulting from anesthesia. This was difficult to 
prevent, since we thought it best to use no hot pad or source of heat other than dia- 
thermy. Considerable practice was necessary before we learned to lodge the 
thermocouple needle in the substance of the consolidated lobe. Owing to the 
differences in the shapes and sizes of the dogs it was difficult to find any external 
landmarks which would act as guides for the insertion of the needle into any 
particular area. In the majority of instances the lower lobe alone was consoli- 
dated. In order to get a thermocouple into it the needle was usually inserted close 
to the spinal column, through the 9th or 10th intercostal space. Even with this 
guide the element of luck remained a large one. Other thermocouples were 
inserted in symmetrical positions into the opposite healthy lobes. At the close 
of each experiment an autopsy was done in which the positions of all thermocouples 
were located. The gross appearance of the lungs was described in relation to 
the site of the thermocouples and the lungs were usually saved either for injection 
preparations or for microscopic examination. 

EXPERIMENTAL. 

Experiment D 36 . — May 19, 1927. At 2:45 p.m. a male mongrel fox terrier 
weighing 12.7 kilos was given i gr. morphine sulfate subcutaneously. About 
15 minutes later it was etherized deeply. A short piece of rubber tubing was 
passed through the larynx into the trachea, and through this was inserted a soft 
rubber tube 30 cm. long, with an outside diameter of 3 mm. When the bronchial 
catheter was in place its proximal end was connected with the nozzle of a record 
syringe previously filled with 26 cc. of a 4 hour broth culture of B. fricdlxnderi. 
The whole mass of culture was then injected and forced into the lung with a s mal l 
quantity of air. There was no cough following injection. The animal made a 
quick recovery from the anesthetic. 

May 20, 12, noon. The dog looked moderately sick. The respirations were 
rapid, but not labored. Rectal temperature was 39. 5°C. 

May 21, 9 a.m. The dog was now definitely sick. An x-ray photograph 

showed a slight shadow at the base of the left lung (Fig. 1 ) . 

May 21, 10 a.m. The animal was anesthetized by the intravenous injection of 
27 cc. of a 10 per cent solution of barbital-sodium. 

10:30 a.m. The sides of the dog’s thorax were shaved and lead-tin electrodes 
3 X 4 indies square were applied to the shaved skin. To assure perfect contact 
several layers of gauze moistened with a solution made from mixing equal parts of 
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glycerol and saturated saline were interposed between skin and electrodes. A 
rectal thermometer was put in place and the thermocouples were thrust through 
the chest wall into the lungs. 

1 1 : 10 a.m. The larynx was intubated to facilitate breathing. 

11:14 a.m. to 1 :50 p.m. Thermocouple readings were made at 10 to 15 minute 
intervals (Table I). The diathermy current was turned on at 11:29 a.m. and ran 
continuously until 1 : 50 p.m. 

1:55 p.m. The dog was killed by the intravenous injection of 20 cc. of a 
saturated solution of MgSCh, the trachea being clamped in inspiration. 

The thorax was opened and the position of the thermocouples and condition of 
the lungs established. 

Thermocouple 1 was buried in the substance of the lower portion of the left 
upper lobe, near the lung root. It was lying in a discolored, congested area of the 
lobe which was, however, air-containing. 

Thermocouple 3 had transfixed the upper pole of the left lower lobe and lay in 
that portion of the ventral lobe which adjoins the hilum. This part of the lobe was 
dark and definitely abnormal in appearance, as was the left lower lobe immediately 
adjoining it, which was purplish, boggy and non-air-containing. No thermo- 
couple was found in this left lower lobe. 

Thermocouple 2 was found in the substance of the right upper lobe in what was 
apparently normal lung tissue. 

Thermocouple 4 lay in the pleural cavity projecting into the interlobar space 
and surrounded by healthy tissue. 

To summarize the situation found at autopsy: Two of the thermo- 
couples, Nos. 1 and 3, were found within the substance of the left 
lung, which was the seat of a pneumonic process. Although tying 
in pathological tissue, neither had penetrated the lower lobe, where 
the consolidation was most pronounced. The other two thermo- 
couples, Nos. 2 and 4, lay in, or in close proximity to, the normal 
tissue of the right lung. 

As to the temperature changes recorded by these thermocouples: 
Both thermocouples, Nos. 1 and 3, showed throughout tire duration of 
current flow a greater rate of heating than Nos. 2 and 4, which were 
lodged in the opposite normal lung. The rate was greater in No. 3 
than in No. 1, corresponding in this to the degree of structural damage 
found at the respective sites of these thermocouples. Comparing the 
temperatures developed in the left lung and right lung (Table I, 
Text-fig. 1) one sees, for example, in Thermocouple 2 (right healthy 
lung) a rise of 4.52°C. in 2 hours and 21 minutes of diathermy. The 
rectal temperature during this period had risen 4.42°C., while Thermo- 
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couple 3, in diseased lung, showed an increase of 5.84°C., or 1.32°C. 
above the temperature developed in the control lung. Such an in- 
crease corresponds in order of magnitude to the change shown to occur 



Text-Fig. 1. Experiment D 36. Curve showing relative rates of heating in 
consolidated and normal lung tissue as compared with the rectal temperature. 
After 107 minutes of current flow the dog suddenly began to pant. This resulted 
in cooling of the normal lung, which thereupon fell below the rectal temperature. 
No such change occurred in the pathological lobe. 

during diathermy in a lung after clamping its pulmonary artery (4). 
The experiment just described (D 36) was repeated in six other dogs. 
Because of the inconstant pathological changes produced by Fried- 
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lander bacillus insufflations, and because o£ tbe inherent uncertainty of 
directing tbe thermocouple needles into both consolidated and healthy 
lung tissue, it was impossible to demonstrate heating of the pathologi- 
cal lobe in all experiments. We have deliberately chosen for publi- 
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* The rectal thermometer and Thermocouple 1 were read at the times indicated. 
Other readings were made at $ minute intervals. 


cation in detail those experiments in which a certain degree of local 
heating was produced. It should be emphasized that failure to find 
local heating could always be accounted for on the basis of no consoli- 
dation or malposition of thermocouples, except in one instance, 
Experiment D 49, to be referred to below. 
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Experiment D 3S . — On May 25, 1927, at 2:45 p.m., a male mongrel weighing 
12.6 kilos, after a preliminary subcutaneous injection of £ gr. morphine sulfate, 
was given, under deep ether anesthesia, an intrabronchial insufflation of 25 cc. 

c° 



Text-Fig. 2. Experiment D 38. Curve showing relative rates of heating 
in consolidated and normal lung tissue as compared with the rectal temperature. 

of a 4J hour culture of B. fricdlxndcrL The next afternoon at 4:20 the dog 
looked moderately sick and showed a rectal temperature of 40.1 C. An x-ray 
photograph showed a slight shadow at the base of the right lung (Fig. 2). On 
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May 27, at 9:30 a.m., the dog was coughing occasionally, hut looked less sick 
than on the previous day. The animal received an intravenous injection of 37 cc. 
of a 10 per cent solution of barbital-sodium. "When a satisfactory state of anes- 
thesia had been achieved, electrodes were applied and thermocouples inserted in 
the usual manner. A current of 1200 milliamperes was passed through the thorax 
for 1 hour and 50 minutes. Immediately after the current was turned on it was 
found tha t Thermocouple 1 which had been directed into the right lower lobe 
through the anterior chest wall was recording a more rapid rise in temperature than 
any of the others within the thorax or than the rectal thermometer. This ther- 
mocouple, No. 1, was found at autopsy to be buried in the right lower lobe which 
had the appearance of liver, except for an air-containing portion on its anterior 
aspect. Both of the other thermocouples in the right lung were found in the 
upper portion of the lower lobe where the consolidation was less marked. The 
lesion on the right side increased in severity from above downward, which may 
perhaps account for the fact that the final temperatures observed in the right 
lower lobe showed a gradation from above downward: 40.E6 C C., 41.26 C C., 42.25°C. 
The final temperature recorded by this thermocouple represented a rise of 5.45°C. 
in 1 hour and 50 minutes (Table It, Text-fig. 2), as compared with a rise of 4.17°C. 
and 4.42°C. respectively in thermocouples, Nos. 2 and 4, located in the normal 
left lower lobe. The increase in rectal temperature during the same interval 
amounted to S-SO’C. The final temperature of the skin under the electrodes was 
44.73°C. on the right side, 44.81°C. on the left. The surface temperature cannot, 
therefore, be held responsible for the observed difference in internal temperature. 

The findings in Experiment D 38 are quite comparable to those in 
D 36. In interpreting them the many controls supplied by our 
previous studies should be bome in mind, where it was clearly shown 
that the normal lung with intact circulation could be heated to an 
average maximum of 0.35°C. above the rectal temperature. In only 
one experiment of 13 did the temperature in the lung mount as high 
as 0.6°C. above the rectal during the course of diathermy. Since this 
animal died unaccountably while the experiment was in progress it 
is probable that the slight increase in heating can be explained on the 
basis of a failing pulmonary circulation. 


]lxpcr;rr.c’:l D 48. The procedure outlined in the previous experiments was 
again carried out in a female mongrel weighing S.S kilos. While etherized it 
received, on Nov. 0, 1927, 10 cc. of a B. fricdlxr.dcri culture intrabronchiallv. 
The next afternoon lung temperature measurements were recorded during dia- 
thermy. Autopsy shov.ed the left lower lobe to behepatized. while the upper and 
ventral lobes were air-containing and normal in appearance. The right lung was 
normal except for congestion and nodular consolidations along the posterior 
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margin of the lower lobe, most marked near the hilum. The caudal lobe, as well, 
was congested. The most marked temperature increase was recorded by one of 
the two thermocouples in the left lower hepatized lobe which showed a final rise 
of 1.62°C. above the rectal temperature. A second thermocouple in this lobe 
showed an increase of only 0.6°C. above the rectal, similar to the change ob- 
served in the thermocouple in the opposite lobe. 

In this experiment a careful histological examination of the lungs 
was made particularly with an eye to finding evidence of circulatory 
obstruction. Such evidence was indeed found. The microscopic 
examination was made independently by one of us (W. E.) who was 
not informed of the other experimental findings. 

Result of Microscopic Examination of Lungs in Experiment D 48. — (Figs. 4 and 
5.) The lungs were distended with Zenker’s fluid and immersed in it. Sections 
were taken from all lobes and imbedded in paraffin. These were cut to a thickness 
of 5 to 6 micra and stained with eosin-methylene blue, iron-hematoxylin-eosin 
and Gram’s stain. The findings are given below : 

Right upper lobe: The section appears normal. 

Right ventral lobe: The section appears normal. 

Right lower lobe: One section appears normal. A second, however, at its 
center shows certain pathological changes. The bronchioles and alveoli are 
uniformly filled with an exudate consisting of alveolar epithelial cells and poly- 
morphonuclear leucocytes. The epithelial cells are often filled with vacuoles and 
with Gram-negative bacilli, often also with polymorphonuclear leucocytes and 
erythrocytes. There is everywhere a proliferation of young epithelial cells from 
the alveolar walls and polymorphonuclear leucocytes are to be seen within the 
walls of the bronchioles and bronchi. The walls of the blood vessels are edematous 
in places. In the smaller vessels the adventitia frequently shows a proliferation of 
round cells. The capillaries are dilated with blood and the lymph vessels of the 
pleura are dilated with lymph. The exudate diminishes toward the peripheral 
portions of the section where the alveoli appear normal. 

Left upper lobe: In the center of the section there is an area similar to the one 
just described, but smaller. 

Left lower lobe: In three sections one sees the alveoli and bronchioles uniformly 
filled with exudate. There are no air-containing ones to be seen. The exudate 
has the same composition as described in the right lower lobe but is apparently 
greater in quantity. In some places where the exudate is plentiful there are com- 
paratively few old, mostly phagocytosed erythrocytes. Here the capillaries are 
compressed and contain no red blood corpuscles (Fig. 5). Where there is less exu- 
date, well preserved erythrocytes and some fibrin are often to be seen lying in the 
alveolar spaces. Here the capillaries are dilated with blood. The walls of the 
large vessels arc edematous and infiltrated with many erythrocytes. Phc cpithc- 
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lial lining of the bronchioli is mostly desquamated, that of the larger bronchi is 
■well preserved. Many of the bronchial walls exhibit hemorrhages. The lymph 
vessels are dilated, containing erythrocytes, polymorphonuclear leucocytes and 
fibrin. 

The significant finding is the compressed empty capillaries. Appar- 
ently this is due to the pressure of the exudate and depends for its 
occurrence upon the amount of exudate. This ischemic condition was 
found only in certain parts of the left lower lobe. One of the two 
thermocouples in this lobe showed a rise of temperature greater than 
that occurring in any of the other lobes. The second thermocouple, 
however, recorded an increase in temperature equal to that in the 
right lower lobe. The experimental findings are then quite consistent 
with the changes observed by microscopic study. 

In Experiment D 49 the dog received 1 cc. per kilo of an actively 
growing culture of B. friedlxndcri. Observations were made the fol- 
lowing day. The dorsal half of the right lower lobe was consolidated. 
There was no local heating recorded by either of the two thermo- 
couples imbedded in the pathological lobe. The final temperatures 
recorded in the consolidated portion of the right lower lobe were 
37.75°C. and 37.87°C. after 42 minutes of diathermy at 1200 milli- 
amperes, as compared with a temperature of 37.97°C. in the relatively 
normal left lower lobe. The rectal temperature recorded simultane- 
ously by a mercury thermometer was 37.6S°C. In this animal the 
microscopic picture of the right lower lobe (Fig. 6) showed the alveoli 
to be very irregularly filled with exudate. Air-containing alveoli 
were seen lying between those showing the inflammatory reaction. 
The capillaries, far from being compressed and empty, were dilated 
with blood. A similar dilatation of vessels, but no exudate, was found 
in the left lower lobe. It seems not improbable that the lack of local 
heating was associated with the absence of vascular obliteration. 

A number of experiments was made, using cultures of Pneumo- 
coccus Type I in place of B.fricdlxndcri for intrabronchial insufflation. 
It was hoped that the fibrin reaction, usually stimulated by Type I 
pneumococcus, would cause a greater interference with the pulmonary 
circulation and therefore permit of more definite local heating. This 
was not the case. The response of dogs to intrabronchial insufflations 
of Type I pneumococci is an extremely variable one. They will often 
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tolerate large amounts of actively growing mouse-virulent cultures 
when injected by this route. We have selected for publication one 
experiment (D 54) in which a pneumonic consolidation was produced 
involving the caudal lobe and three-quarters of the right lower lobe, 
where a thermocouple had been placed. 

The cut section of the right lower lobe was solid and apparently non-air-contain- 
ing. Histological examination of the right lower lobe showed the alveoli and bron- 

C° 



Text-Fig. 3. Experiment D 54. Curve showing relative rates of heating in 
consolidated and normal lung tissue as compared with the rectal temperature. 

chioles mostly filled with exudate. In some places air-containing alveoli occurred 
amongst the others. The exudate consisted chiefly of polymorphonuclear leu- 
cocytes mixed with varying numbers of vacuolated alveolar epithelial cells often 
containing erythrocytes and degenerated cocci. Most of the capillaries were 
dilated with blood. Red cells were seen in the alveolar exudate and in some 
places hemorrhages were present in the walls of the bigger vessels. No evidence 
of capillaiy fibrin thrombi was to be found. The left lung was apparently quite 
normal though sections from the lower lobe showed that the vessels were dilated 
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with blood. Difference in temperature between the pathological and normal 
lobes was slight, but became more apparent on increasing the milliamperage to 
1800 (Text-fig. 3). The final temperature in the consolidated lobe was 1°C. 
above the rectal temperature while the normal lung was 0.15°C. above the rectal 
temperature. The slight degree of elevation of temperature in the involved lobe 
produced by the current of 1200 milliamperes may be explained on the basis of no 
clear evidence of a grossly impaired circulation, since neither capillary thrombi 
were present nor sufficient exudate to compress the capillaries. For the higher 
current strengths it is probable that the existing circulatory disorder was sufficient 
to permit of a moderate degree of local heating. 

The existence of obstruction to the circulation was further indicated 
by injection preparations made with the technique described by Gross 
(6) . Satisfactory preparations could not be obtained at each attempt. 
The final picture depended upon the conditions prevailing during 
injection. The presence of puncture holes caused by the thermocouple 
needles made it impossible to use the lungs, in most of these experi- 
ments, for purposes of injection. 

We present in Fig. 3 the photograph of a cleared dog’s lung injected 
immediately after death with a barium-gelatin mixture. 2 days 
before, the animal (D 35) had been injected intrabronchially with 25 
cc. of a broth culture of B. fricdlxndcri. It was killed by injecting 
20 cc. of a saturated solution of MgSO< intravenously. The area of 
involvement described in the autopsy notes corresponds exactly to 
that portion of the lung which has injected poorly. We publish this 
photograph as further evidence for the impairment of the circulation 
in the pneumonic lung. 

DISCUSSION. 

We have deliberately chosen for publication only those experiments 
in which the proper combination of circumstances made it possible 
to demonstrate local heating of the lung by diathermy. These cir- 
cumstances consist first of the development of a pulmonary lesion 
sufficient to cast a shadow when photographed by x-ray, and secondly 
of the accurate locating of thermocouples in both consolidated and 
normal lung tissue. When these conditions have been fulfilled we 
have been able to demonstrate local heating in three of four animals 
inoculated intrabronchially with cultures of B. fricdlxndcri and in one 
animal inoculated in a similar fashion with a culture of Pneumococcus 
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Type I. The variation of heat production in these selected experi- 
ments can be accounted for by the positions of the thermocouples and 
by the degree of impairment of the pulmonary circulation. The 
pathological process in these dogs’ lungs presents three stages: (1) 
a stage of active congestion (Fig. 6) in which relatively little exudate is 
to be seen and the alveolar capillaries are dilated with blood; (2) a 
transitional stage (Fig. 4) in which the amount of exudate is increased 
and the erythrocytes lying in the capillaries have lost their regular 
shapes and usual staining properties, and finally (3) an ischemic 
stage (Fig. 5) in which all the alveoli are uniformly filled with exudate 
and the capillaries are compressed and free from erythrocytes. Tins 
final bloodless stage in which the local circulation is definitely impaired 
is the one in which we believe a certain degree of local heating with 
diathermy may occur. 

We have purposely drawn no inferences as to heat production dur- 
ing diathermy in the lung of a patient suffering from pneumonia. 

SUMMARY AND CONCLUSIONS. 

1. An experimental pneumonia with more or less lobar distribution 
has been produced in dogs by the method of intrabronchial insufflation 
of B.fricdlaendcri, Type B, and Pneumococcus, Type I. 

2. Such dogs as showed evidences of a pulmonary lesion when 
photographed by x-ray were selected for lung temperature measure- 
ments. 

3. Measurements of lung temperature were made by means of 
thermocouples before and during diathermy. 

4. The thermocouples which recorded the temperature in the con- 
solidated lobes showed in most instances a more rapid rate of heating 
during diathermy than those in the normal lobes. The final increase 
in temperature in the pathological lobes over the normal lobes 
amounted to slightly more than 1°C. 

5. When local heating occurred during diathermy it Was of the 
order of magnitude found in a lung in which the branch of the pulmo- 
nary artery supplying it had been clamped. 

6. Histological examination of the lungs showed the pathological 
reaction to consist of intraalvcolar exudate composed of polymorpho- 
nuclear leucocytes and desquamated alveolar epithelium. In some 
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sections the exudate was sufficient to cause compression and emptying 
of the alveolar capillaries. 

7. The local heating, we believe, depends upon this ischemic state 
of the smaller vessels. 

8. Further evidence for an imparied circulation in the pneumonic 
lung is furnished by injection preparations in which the uninjected 
area corresponded exactly to the gross pathological lesion. 
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explanation of plates. 

Plate 34. 

Fig. 1. X-ray photograph of thorax of Dog D 36 taken 42 hours after intra- 
bronchial insufflation with culture of B. fricdlxnderi. The picture shows a slight 
shadow at the base of the left lung. ° 

Fig. 2. X-ray photograph of thorax of Dog D 38, taken 26 hours after intra- 
bronchial insufflation with culture of B. Jricdlxnderi. The picture shows a slight 

shadow at the base of the right lung. 

Fig. 3. Experiment D 3a. Photograph of cleared barium-gelatin injection 
preparation of dog s lung in which consolidation had been produced by the intra- 
bronchial insufflat.on of a culture of B. Jriedlxrteri. The uninjected area corre- 
sponded to the part of the lung which showed gross pathological changes at autopsy. 

Plate 35. 

l ^ E *P er i m cnt D 4S. Left lower lobe. Magnification X 400 The 
photograph shows the transitional stage in v.hich tie crythroevtes in the capillaries 
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. ON INDIVIDUAL DIFFERENCES IN HUMAN BLOOD* 

By K. LANDSTEINER, M.D., and PHILIP LEVINE, M.D. ■■ 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, February 2, 1928.) 

The existence of individual differences in human blood was shown 
long ago by means of normal isoagglutinins (1). Soon thereafter 
variations were found also in the blood of animals (goats) through 
the use of immune sera prepared by injecting goats with blood 
of diff erent individuals of the same species (2). These observations 
were later extended to other animals. 

Curiously enough the reactions with normal human isoagglutinins 
do not occur in a, so to speak, haphazard manner but they separate 
the human bloods into four sharply defined groups designated as 
0, A, B, and AB. (1, 3).** It seems superfluous to describe the well 
known properties of these four groups. 

In contradistinction to the simple scheme encountered with human 
blood, are the findings of Todd and White (5) who studied the serum 
of cattle immunized against cattle plague with the blood of infected 
animals. Taking advantage of the isohemolytic properties of such 
sera they discovered a remarkable variety in cattle blood; and similar 
conditions have been observed in the blood of chickens (Landsteiner 
and Miller (6)). 

Attempts have been made also to discover further differences in 
human blood in addition to the group distinction. Evidence along 
this line has been furnished by von Dungem and Hirschfeld (7) in 
experiments with absorbed normal animal sera. It is difficult how- 
ever to apply this method to a systematic study and the work was 
not carried on further. Following the technique of von Dungem 
and Hirschfeld we found some differences (see also Landsteiner and 

* See the preliminary reports in Free. Soc. Exp. Biol, and Med., 1927 xxiv 
600, 941. 

In l ie present paper the nomenclature adopted by the American Associa- 
tion of Immunologists is used (4). 
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Witt (8)) aside from the conspicuous ones characterizing the groups, 
or those ascribable to the subdivision of group A, or due to the agglu- 
tinable factor found by Schiff (9) in blood cells of group 0 (cf. 
Witebsky and Okabe (10), Hirszfeld (11)). Our experiments were 
not regularly successful and frequently variations of smaller order 
could not be confirmed on repetition of the tests. 

Another way of showing distinctions among individual bloods but 
also somewhat difficult of application, was found in the reactions of 
“cold agglutinins” of normal human sera (12-14). 

The present paper concerns itself with a method of differentiating 
human bloods which yielded clear-cut and reliable results. It is 
based upon the use of immune agglutinins. 

Using this technique Hooker and Anderson (15) found that immune sera pro- 
duced in rabbits by injection of blood of group 0 still contained agglutinins for 0 
blood after absorption with cells of any other group. The authors were inclined 
to explain this effect on the assumption of a property common to group 0 bloods. 

EXPERIMENTAL . 

Our first observations were made in experiments with stock anti- 
human blood immune sera from rabbits. Out of forty-one sera four 
were found that, after exhaustion with one sample of human blood, 
still contained agglutinins acting on a majority of bloods of all four 
groups while other bloods were not agglutinated. These tests showed 
the existence of an agglutinable property unrelated to the isoag- 
glutinogens A and B, and differing from the latter in that there 
was not found a corresponding isoagglutinin in human serum. Natu- 
rally endeavors were made to produce immune sera endowed with the 
peculiar property described, by injecting rabbits with bloods possess- 
ing the new quality which may be designated as M. This was found 
to be rather difficult because only a few of the rabbits produce potent 
sera specific for M. However, on immunizing a sufficient number of 
animals, several such sera were obtained. 

Some of the immune sera exhibited a different effect. When they 
were absorbed with blood of the type M+, the supernatant fluid 
reacted intensely and selectively on certain blood specimens, thus 
revealing a second agglutinable property (N). 
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The production of antibodies for N by injecting positively reacting 
bloods succeeded easily and some such sera were found among our 
supply of anti-human blood immune sera. 

As was to be expected, anti-N agglutinins were not found in normal 
human sera. Also in normal animal sera we have not yet detected 
agglutinins for M or N. 

An immune serum for a third agglutinable factor P was prepared 
by injecting blood (of colored individuals) selectively acted upon by 
absorbed normal rabbit and beef serum (according to the method of 
von Dungem and Hirschfeld). 

In order to prepare specifically reacting agglutinin solutions, the inactivated 
immune sera in a dilution of 1:15 to 1:30 were treated v.-ith half the volume of 
packed, washed blood cells lacking the respective agglutinogens. A second treat- 
ment with the same or a smaller quantity of blood was required ordinarily to 
remove completely the agglutinins acting on human blood in general. The mix- 
tures were allowed to stand for 1 hour at room temperature and were cen- 
trifuged. The fluids for N were prepared at first in this manner; subsequently, 
as will be explained below, the mixture of blood and serum was kept for i to 1 
hour at 37-40°C. 

The details of the procedure have to be determined in preliminary experiments 
and the absorbing blood must be selected with regard to the properties of the 
serum, e.g., the presence of group agglutinins. Before setting up the main ex- 
periments the fluids were controlled by testing them with known bloods. 

The tests were made by adding to 3 or more drops of the agglutinating fluids 
1 drop of 2.5 per cent suspension of washed blood. The readings were made 
after the tests had stood for 2 hours at room temperature, or 1 hour at 37°C., 
if the fluids had been prepared at this temperature. The strength of the reaction 
is indicated as follows: F. tr. ■= faint trace; tr. = trace; 'i, +, +±, etc. -f 
signifies dumps visible without magnification or with a hand lens (magnification 
6x) or dumps of medium sire seen in the microscopic field (magnification 100 X); 
+ + signifies large dumps seen with the naked eye and -f-f-r complete ag- 
glutination. 

For the production of immune sera freshly drawn and titrated blood (mostly of 
group 0), after washing, was injected into rabbits at weekly intervals. The first 
injection of 3 cc. was given intravenously; the following injections of 4 cc. each, 
intrapcritoncally. The sera were tested by absorption 6 days after the third 
and each subsequent injection. The animals were bled (mostly after four or five 
injections) the day following the tests when the sera had a sufficient content of the 
desired antibodies, i.c., when they gave powerful specific reactions after absorp- 
tion. For the preparation of anti-M immune sera it seems preferable to iniect 
bloods of the M i- N — type. 






























































K. LAND STEINER AND P. LEVINE 


761 


It w as of considerable importance to have at one’s disposal a number of individ- 
uals whose blood could be examined repeatedly. The work was facilitated also by 
keeping particular specimens in a mixture recommended by Rous and Turner 
(5 volumes of 5.4 per cent glucose solution, and 2 volumes of a 3.8 per cent sodium 
citrate solution, for 3 volumes of blood) (16). In this solution the erythrocytes 
were still agglutinable when the blood was kept sterile in the refrigerator for 
several weeks. 


TABLE II. 

Frequency o f M in the Four Blood Groups. 


Group .. 

0 

A 

B 

\B : 

j Total X umber 

Reactions for M 


- 

-r 

- 

4. 

- 

- 

- 

- 

- 

Men 

Number . 

299 

61 

285 

48 

1U j 

21 

34 

15 i 

732 

14S 


Percentage 

82 4 

17 6 

S5 6 

14 4 

6i 4; 

15 6 

69 4 

30 6 

83 2! 

16 S 

Women 

Number . 

115 

40 

SO 

17 

32 

10 

13 

3 

240 

70 


Percentage 

74 2 

25 8 

82 5 

17 5 

76 2 

23 S 

SI 2 

18 8 

77 4 

22 6 

Total Number 

414 

104 

565 

65 

146 

31 

47 

18 

972 

218 

Percentage . < 

79 9 

20 1 

84 9 

15 1 

82 5 

17 5 

i i 

72 3 j 

27 7 

81 7 

00 
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TABLE III. 


Frequency of X in the Four Blood Groups. Absorptions and Tests at 37°C 


Group 


■ 

B 

AB | 

1 

Total Xo. 

Reaciion> for X 

O 

B 

B 

B 

B 

B 

Bfl 


a 

Total No 

162 





10 




Percentage j 

76 0 

24.0 


A representative experiment on twentv-four bl«wi . , 

w ith exhausted immune sera containing agglutinins for M \ 
is given in Table I. ’ and P ’ respectively, 


The frequency fin while individuals) of the positive and negative 
react, o„s for the property M and their occurrence among the blood 
group- arc presented in I able II. The distinction . 
and negative bloods for M was regularlv =w n , .n 1!'°™ P ° 5lt . 1VC 
was made with suitably selected blood's " P ' Cn the exha ustion 
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It is seen from the table that positive reactions are much more 
frequent than negative ones. The percentage figures for the four 
groups do not deviate greatly from the total average except for group 
AB, but here the number of individuals examined is too low to warrant 
any conclusion. A similar remark may apply to the figures for the 
sexes. 


M N 


P MNP 


Blood. No.l 



p» 



: Blood No.2 




Blood No! 3 


i Blood No. 4 






Blood No. 5 


Blood No. 6 



i *1 

•i . # 


Fig. 1 . Six selected bloods of_ group O tested with agglutinins for M, N, and 
P; natural size. 

The distribution of the property N among the four blood groups 
is summarized in Table III. 

For P our present results do not permit of a similar statistical 
survey but in general they indicate that there is no characteristic 
group distribution. 

From the presence or absence of three agglutinogens, M, N, or P. 
there would follow eight possible combinations. Of these six actually 
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have been found in groups 0 and A. In groups B and AB some of 
the rarer types have not yet been found, most' likely because of the 
comparatively smaller number of specimens completely examined. 

The six combinations observed are illustrated in the photographs 
(Figs. 1 and 2). The tests reproduced mere made with blood from 


M X P 



Pig. 2. The same tcHs as shown in Tig. 1, magnified 1 :250. 


six selected individuals all belonging to group O. The absorptions 
and tests for X were carried out at room temperature. 

The two combinations not observed are those in which both proper- 
ties M and X are ab-ent. From the incidence of M — and X— bloods 


TABLE IV. 

Several immune sera absorbed with one M— blood (549). Sera 8, 21, and 22 diluted 1:15: Sera 1 and 20 diluted 1:20. 
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one -would expect an incidence of about 4 per cent bloods lacking 
both properties. This discrepancy evidences a negative correlation 
between the two agglutinable properties M and N, a conclusion sup- 
ported by ‘the fact that invariably M— bloods reacted intensely 
with the N reagent. 

To form a correct judgment of the significance of the phenomena it 
was of importance to examine in how far they are influenced by varia- 
tions in the reagents. In the first place a comparison was made of 
several anti-M immune sera in order to establish whether we were 
dealing with a definite agglutinable property or whether the results 
change contingent upon the special serum employed. The following 
experiments in which five anti-M immune sera were absorbed with the 
same blood specimen furnish proof for the first alternative (Table TV)- 
It is evident from the table that the strongly positive reacting 
bloods are the same regardless of the serum employed. In no case 
is the reaction of a blood intensely positive with one anti-M serum 
and negative with another. Identical results have since been ob- 
tained with several additional immune sera. Whether there is any dis- 
proportion in the strength of the reactions when M-f bloods are 
' tested -with a number of immune sera we are unable to decide as yet. 
With the sera 8 and 20 the reactions are almost uniformly strong or 
entirely negative. The remaining sera showed slight or weak reac- 
tions with some bloods which, doubtless, according to the other tests, 
lack the property M. These will be discussed presently. 

In a second series of tests (Table V) one of the sera, No. 8, was 
absorbed with five different bloods, one of group O and four of group 
A, two of which belonged to subgroup AA l and two to AA : *. 

This experiment agrees with the former, for, no matter which blood 
was used for the preparation of the fluid, the strong reactions occurred 
with the same blood specimens. Hence it follows that all these reac- 
tions involve one sort of agglutinogen and its corresponding agglutinin. 

The fluid prepared by absorption with blood of group 0 gives weak or moderate 
agglutination effects -with all the bloods of group A or AB, evidently due to the 
presence in the immune scrum of an agglutinin for A. These reactions arc re- 
moved by absorption with blood AA 1 while after treatment of the immune serum 
'vith blood AA- there is still some agglutination with bloods AA 1 (or AA*B). 

* For the nomenclature of the subgroups sec (S, 14). 
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Similar interfering reactions were encountered not infrequentlj’' throughout these 
studies. In general they were brought about by the presence in the sera of norma] 
or immune antibodies for the group factors A and B, of antibodies acting by 
preference on bloods of group 0 (Schiff (9)) and by the coexistence in the same 
immune serum of more than one of the new agglutinins; besides there may be 
other agglutinogens not yet analyzed. Suitable absorption experiments serve 
to eliminate such additional antibodies. 

TABLE VI, a. 

Serum 20 diluted 1 : 15 was absorbed once for 2 hours at room temperature with 
half its volume of blood lacking the factor M. Some of the fluid obtained was 
removed and the remainder was divided into two equal parts. One of these 
two fractions was further absorbed three times at room temperature with half 
its volume of the M— blood, and the other was simultaneously treated in the 
same manner but with washed sheep blood; after each absorption a small amount 
of fluid was withdrawn for the tests. The last absorption was made at 0°C. 
and the fluid was obtained by centrifuging in a jacket containing ice and water. 

The fluids of the first, fourth, and fifth absorptions were titrated in pro- 
gressively doubled dilutions, using 3 drops of the liquid and 1 drop of 2.5 per 
cent suspension of M-f and M— blood. Readings were made after the tests 
were kept 2 hours at room temperature. 


Fluid alter 

Absorbed with 
blood 

Test 

with 

blood 

Fluid diluted 1: 

IS 

30 

60 

120 

240 

1st absorption 

Human M— 

M-f 

+ + + 

+ + 

+ 

f. tr. 

0 



M- 

0 

0 


! 


4th " 

Human M — 

M-f 

+ ± 

-f 

f. tr. 

0 

0 



M- 

0 

0 





Sheep 

M-f 

-f-f± 

-f-f 

+ 

0 

0 



M- 

0 

0 




5th 

Human M — 

M-f 

-f 

f. tr. 

0 

0 

0 



M- 

0 

0 





Sheep 

M-f 

-f+rfc 

-f-f 

+ 

tr. 

0 



M- 

0 

0 





The question whether the properties M-f and M— are of a qualita- 
tive nature was approached by means of repeated absorptions of the 
immune sera with M— blood. In the experiment recorded in Table 
VI, c, and Table VI, b, it was found that the antibody for M could 
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be gradually absorbed from serum 20, the greatest effect being obtained 
at low temperature while in serum 72, even after several absorptions, 
there was only an indifferent diminution of the specific agglutinin, not 
more marked with human than, with sheep blood which was used as 
a control. Consequently the property M is characterized as a par- 
ticular agglutinogen according to serological terminology. 

Some anti-M sera were found -whose specificity could be recognized by different 
degrees of agglutination -when the exhausted sera -were tested with the two sorts 

TABLE VI, b. 

An experiment similar to the preceding was made with anti-M immune serum 
72. This serum diluted 1:30 required two absorptions with human M— blood 
for removing the common agglutinins. After withdrawing some of the fluid it 
was divided in two portions and the experiment was continued as above with 
human blood and sheep blood. The last absorption was carried out at 0°C. 
The fluids of the second, fourth, and fifth absorptions were tested as before. 



Absorbed vrilb 

Tested 


Fluid diluted Is 



blood 

WILL 

blood 

30 

60 

120 


4 SO 

2nd absorption 

Human M — 

M-b 

M- 


0 

+ 

H 

0 

4th 

Human M— 

M-f 

M— 

0 

++ 

0 

-f 

-f 

0 


Sheep 

M-f 

M- 

4-4-+ 

0 

"f-f zb 
0 

i-O. 


0 

5th 

Human M — 

M-r 

M— 

++ 1 
0 

“T— 

0 


f. tr. i 

0 


Sheep 

M~ 

M— 

0 

4-J. 


0 

0 


of corpuscles; they were not good for further work because the species 
agglutinins could not be removed without a simultaneous loss of the specific 
action. * ' 

Hie action of several (six) anti-X immune sera on a series of bloods 
and the effect of the exhaustion at room temperature of two immune 
sera with various bloods were studied in an analogous manner as 
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described for the property M. Since the strong reactions occurred 
always with the same bloods the experiments warrant the assump- 
tion that here, too, a definite serological factor comes into play. 
This factor may be subject to some variation as will be discussed 
presently. 

A difficulty was encountered, owing to the fact that on treating 
anti-N immune sera several times with N- bloods, there was a rather 
rapid diminution of the agglutinins for N. As a consequence it was 
not easy to estimate the adequate degree of absorption, although fluids 
of marked specificity could be prepared repeatedly (see Table I). 

TABLE VII. 

Each of four anti-N immune sera diluted 1 :20 were absorbed three times with 
one-half volume of pooled blood of four individuals of group A lacking N. One 
set of the absorptions was performed at room temperature and the other at 37° 
(water bath). In the latter case the fluids were separated by centrifuging for 
about 1 minute at high speed in a jacket of warm water (about SO 0 ): At the end 
of the centrifuging the temperature of the water was 37° or but little below. 
The fluids were tested with six selected bloods of group A, two of which reacted 
negatively, two moderately, and two intensely. 


Absorptions and tests at room temperature 


Anti-N 

immune 

Fluid after 

Blood No. 







serum 


SOS 

1010 

5-16 

931 

S5I 

953 

is 

1st absorption 

tr. 


4-4-db 

4"4-± 

+ + + 

"i ! k 


2nd 

0 

0 

db 

tr. 

4~f 

+ + 


3rd 

0 

0 

0 

0 

db 

=h 

22 

1st 

0 

0 

++ 

4~f± 

4 — 1 — h 

4 — f 4- 


2nd 

0 

0 

dez 

± 

4-4-=fc 

4-4- 


3rd 

0 

0 

{. tr. 

0 

+ 

rb 

26 

1st “ 

f. tr. 

f. tr. 

4-4- 

4-4-rfc 

4 — h + 

4-4-4- 


2nd “ 

0 

0 

4-4- 

4-± 

4 — b 

4-4-4- 


3rd 

0 

0 

+ ± 

+ 

4-4- 

4-4- 

61 

1st “ 

tr. 

0 



+ + + 

4-4-4- 


2nd 

0 

0 



++± 

4-4-db 


3rd 

0 

0 



4- 

4- 
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TABLE VII — Concluded. 


Absorptions and tests at 37° 


Anti-N 

mmune 

senna 

Fluid after 

Blood No. 

806 

1010 

516 

931 

851 

953 

18 

1st absorption 

++ 

+i 

d — hi 

+++ 

-L_ LO- 

4-4-i 


2nd 

ft 

f. tr. 

0 

-f-f =i= 

++i 

+++ 

4-4-4- 


3rd - 

ft 

0 

0 

++ 

-Li- 

++i 

d — hi 

22 

1st 

<t 

db 

1 + 

++ 

+++ 

+++ 

4*4*4- 


2nd 

tt 

0 

0 

++ 

4" 4" 


++i 


3rd 

ft 

0 

0 

ij- 

+ 


++i 

26 

1st 

ft 

1 

4* 4- 


iii 1 

-r4-=J= 


4-4-a- 


2nd 

« 




-L--L--L- 

J — ! — L. i 

i t • 



3rd 

it 

0 

0 


-4-0-0- 

-f-r-b 

-r-ri 

61 

1st 

ft 

-LT 

++ 


++-h 

+++ 

! 1 I 

.4*4* 


2nd 

tf 

+ 

O- 


++i 

4-4-4- 

4-4-4- 


3rd 

ti 

tr. 

f.tr. 


++ 

4-4*4* 

+++ 


The technic was improved by carrying out the absorptions and also 
the tests at 37° or 40° C* "Under these conditions the N antibodies 
are diminished by repeated absorption with N- bloods at a slow rate 
(Table VII) and the results are generally satisfactory. On random 
selection of anti-N sera and absorbing bloods, also weak or moderate 
reactions are apt to occurwith bloods that react negatively when other 
immune sera or absorbing bloods are chosen. This may be due to 
quantitative or qualitative variations in the agglutinogen N aside 
from other reactions as discussed above for the property (p. 766). 

The agglutinable property designated as P has not been studied 
extensively. Doubtless the reactions as presented in Table I are 
different from those for M and N and are independent of the group 
agglutinogens A and B; furthermore we found a characteristic distri- 
bution of P in white and colored individuals .** But it has not been 

V ith this method, incidentally, a considerable proportion of stored antihuman 
Wood immune sera v. cre found to contain smaller or larger fractions of X agglutinins 
? cc Free. Sec. Exp. Biol . c-.d Med . 19’T xriv 941 
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established that parallel results can be obtained with several immune 
sera which would define a single quality. 

A serum of an individual in group B containing an abnormal isoagglutinin 
•was recently described by Ottenberg and Johnson (17). Having had the oppor- 
tunity to examine this serum, we found in conformity with the authors named, 
agglutination reactions (of moderate to weak intensity) with numerous bloods 
of groups 0 and B. By absorbing this serum with certain bloods A, it was 
possible to show that the abnormal isoagglutinin acted also on the majority of 
group A bloods. 

These isoagglutination reactions do not coincide with the reactions for M, 
N, or P. 

The observations described open the possibility of making an 
individual diagnosis of human blood for forensic purposes in cases 
in which this could not be done hitherto. In preliminary experi- 
ments the properties M and N could be demonstrated in blood 
kept in a dry state (on glass) for several weeks. The method con- 
sisted in absorbing specifically reacting fluids with stromata pre- 
pared from small amounts (50 mg.) of the dried blood. 

Immunization Experiments . — To determine whether the formation of 
the antibodies described, depends solely on the individuality of the ani- 
mal used or also upon the antigen injected, the following experiment 
was carried out: 12 rabbits were injected with blood of the type M-f- 
N— and 6 with blood of the type M— N+, all belonging to group 0. 
Out of the 12 animals after four injections of M+ N— blood 
there were 1 strong, 1 weak anti-M immune sera, and 5 of rather 
moderate strength. Two of the latter became strongly active after 
one or two additional injections. In this series there were 2 or 3 
which had a weak action for N. (After a further injection 2 other 
animals receiving M+ N— blood developed antibodies for N, 1 of 
moderate and 1 of weak activity.) 

Of the 6 animals receiving M— N+ blood all developed immune 
sera specific for N; 4 reacted strongly and 2 moderately; none of 
these contained antibodies for M. 

The experiment show r s that potent antibodies were obtained when 
the homologous agglutinogen v r as injected but that antibodies of 
weak activity were also produced by animals which had not received 
the corresponding antigen. These observations are not exceptional 
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and similar cases were reported, e.g., by Weil and Felix (18) and 
Furth(19) with bacilli of the typhoid group {cf. Halber and Hirszfeld 
( 20 )). 

Tests with Blood of Anthropoid Apes — The presence in the blood of 
apes of agglutinogens indistinguishable from the human group fac- 

table vnr. 


Tests for M in Blood of Primates* 


Anti-M 

immune 




Chimpanzees 





Ourang 


Gibbons 



Man 

scrum 




















absorbed 

with 

human 

blood 

1 

2 

3 

4 

5 

6 

7 

g 

9 

10 

1 

2 

1 

2 

3 

4 

5 


j- 

*2 

M- 

+± 

++ 

+ i 


+± 

m 

+ 

4 — 

39 

++ 

+± 


B 

B 

B 

B 

E 

B 


M+ 

m 

■a 

0 

m 

0 

H 

0 

0 

D 

0 

+— 

-i- 

1 

1 

0 

0 

o 

0 

0 


* The blood of the first 6 chimpanzees, Ourang 1, and Gibbon 1 were examined 
at the same time. 


TABLE IX. 


Tests for N in Blood of Primates. Absorptions and Tests Were Made at 37°C. 
Scrum 18 Was Tested after 2 Absorptions {18a) and 3 absorptions {18b). 


Absorbed 

with 

blood 

Immune 
anti-N 
serum No. 

Chimpanzees 

Ourang 

Man 

3 

4 

5 

10 


n+; 

Jr— 

N- 

12 

tr. 

tr. 

tr. 

tr. 



0 


18a 

-f+db 

++ 

++± 

++± 

~i !_ 

+++ 

f. tr. 


18b 

-L. 

+ 

4“=t 


■fi j 

-1 — J — 

0 


22 

4 - 

+ 

0 

-1- 

T 


0 

N+ 

12 

t 

0 

0 

0 

0 


0 

0 


18a 

0 

a. 

-X. 

0 

-i-O. 

tr. 

0 


18b 

0 

f. tr. 

tr. 

0 

+± 

0 

0 


22 

0 

f. tr. 

0 

0 

-1- 

0 

0 


tors A and B has been shown previously (Landsteiner and Miller (21) 
cf. von Dungcm and Hirschfeld (7)). Some experiments were made 
to establish whether also the new agglutinable properties are to be 
found in the blood of anthropoids. To account for the existence 
of agglutinins m the blood of apes that cannot be removed by h uma n 



























772 INDIVIDUAL DIFFERENCES IN HUMAN BLOOD 

cells * absorptions bad to be made with bloods both lacking and pos- 
sessing the factor in question; a positive reaction was indicated when 
agglutination took place in the first but not in the second instance. 

The tests for P were negative in the blood of chimpanzees and 1 
ourang. As to the quality M, it appeared to exist in the erythrocytes 
of each of 10 chimpanzees, but not in the blood of 5 gibbons (1 Hylo- 
bates lar, 3 Hylobatcs Icuciscus, 1 SympJialangus syndaclylus) and 2 
ourangs (Table VIII) . The reactions for N in the blood of chimpan- 
zees were distinctly positive with one of the immune sera, but moderate 
or faint with two other sera tested (Table IX). 

That the properties M and N in the blood of chimpanzees and man 
are related though not entirely identical is seen from the results 
with the various anti-N immune sera and from tire observation that 
one anti-M serum very active for human blood acted on chimpanzee 
blo'od positively but markedly less so than the other sera. 

Of the lower, mammalians and birds there were examined for the 
property M: 2 macacus rhesus, 2 vervets, 1 baboon, 1 sapajou, 1 
lemur; 1 horse, 4 cattle, 1 sheep, 2 pigs, 1 dog, 1 cat, 25 rabbits, 
2 guinea pigs, 2 rats, 1 mouse; 1 duck, 1 chicken, and 1 pigeon. For 
N only rabbits, 23 in number, were examined (absorptions at room 
temperature). The tests gave negative results. 

DISCUSSION. 

In the present studies a method is described which led to the 
detection of well defined individual differences in human blood in 
addition to those characterizing the blood groups. On repeated 
examination of the same individuals the properties were constant. 
The reactions observed indicate the existence of distinct agglutinable 
properties. This is substantiated by the fact that for M there 
are no transitions between positive and negative reactions, since 
fluids with a titre of 1:64 for M+ blood did not react on M — 
blood; also blood negative for M has practically no affinity to the 
antibody of certain anti-M immune sera as shown by absorption ex- 
periments at room temperature. 

With the two agglutinable properties N and P, an appreciable ab- 


* See the tests with ourang blood. 
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sorption effect is brought about at room temperature also by blood 
negative in the agglutination test. The phenomenon can possibly 
be explained on the assumption that the antibodies for the particular 
agglutinogen and those for human blood in general are not entirely 
segregated but are partly in some sort of combination. This view is 
supported by the fact, already mentioned, that certain anti-M sera 
behave similarly while others stand repeated absorptions. There are 
other cases which may call for an analogous explanation. It has 
been shown, f. i., that from some normal human sera of group O, 
corpuscles A or B absorb not only the homologous but also a part of 
the heterologous isoagglutinins (8). Similarly agglutinin a 1 of 
human sera O and B can be removed by bloods of group A which lack 
A 1 , particularly when the absorptions are made at low temperature. 

The ultimate significance of the factors determined by serological 
reactions is still a matter for discussion and it is not at all certain 
whether to eachfactor there corresponds a special compoundthat might 
be isolated chemically (14). But there is evidence from a study of 
families that the agglutinable factors M and N are constitutional 
properties that are inherited as Mendelian characters* As to their 
antigenic nature it is true that the immunization depends largely 
upon the individual response of the animal but, even so, the experi- 
ments indicate that the antibodies can be formed as a result of specific 
antigenic action. 

The division of human blood into only four well defined blood 
groups was not in harmony 'with the manifold individual variations 
that become evident from the experiences on transplantation of normal 
tissues and tumors. Thus there was some reason to presume that the 
serological differences of cells and the transplantation specificity are 
phenomena of a different nature. This gap seems to be bridged by 
some previous findings (7, 14) and the present studies. 

The six types aforementioned, if present, as is likely, in each of the 
four blood groups and in the subgroups of groups A and AB. differen- 
tiate 36 varieties of human blood. This number does not include 
the variations in the strength of the reactions which may also be 
determined constitutionally and it is improbable that we Succeeded 

* See Free. See. 1-^p. Fid. arJ Med., 1927. xxiv, 941, and unpublished results. 
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in detecting all differences which can be demonstrated by means of 
antibodies derived from rabbits. Possibly other animals when in- 
jected with human blood would furnish sera with new specific qualities. 
As stated already, with a reagent of a different sort, namely an ab- 
normal isoagglutinin in a particular group B serum (Ottenberg and 
Johnson (17)), reactions were obtained which did not run parallel 
with those shown by the rabbit immune sera. To be sure this reagent 
is not available for general use, but still it further doubles the number 
of human blood varieties that can be differentiated. 

Summing up all the known observations on the subject one is led 
to the opinion that almost every individual human blood may have 
its characteristic serological features (see Todd and White (5)) as 
already conjectured by von Dungern and Hirschfeld, although at 
present there is no actual method which would permit of an individual 
diagnosis of human blood. Conceivably this end could be achieved 
by the use of immune isolysins. 

The results of studies concerning the heredity of the agglu tin able 
properties and their distribution in populations of different racial 
composition are reserved for subsequent communications. 

The findings dealt with have thus far no direct bearing on the 
selection of donors in transfusions because of the absence of corre- 
sponding agglutinins in normal human sera for the new agglutinogens. 

SUMMARY. 

A clear-cut differentiation of human blood, aside from the blood 
groups, could be made by means of special agglutinating immune 
sera. The observations point to the existence of several agglutinable 
factors for which no agglutinins are demonstrable in normal human 
sera. In view of the latter circumstance the results reported do not 
imply any change in the scheme of the four blood groups. 

The body of serological evidence leads to the inference of a high 
degree of biochemical differentiation among individuals. 

Again we are indebted for material used in this study to Dr. C. 
Floyd Haviland, Superintendent, Drs. I. J. Furman and John R. 
Rnapp, First Assistant Physicians, and Miss Frances W. Witte, 
Superintendent of Nurses, of the Manhattan State Hospital, New 
York City. 
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THE RELATIVE REACTION WITHIN LIVING MAMMALIAN 

TISSUES. 

X. Litmus Constituents as Vital Stains: Their Preparation 
and Relative Usefulness. 
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McMASTER, M.D. 
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The recent use of litmus as a vital stain for mammals (1-3) 
has emphasized the need for a more precise knowledge of’ the nature 
of this dye. We have therefore undertaken the separation and 
investigation of the coloring matters comprised in commercial litmus 
with special reference to their use as vital stains. 

Rous (1-3) has described in detail the character of the staining obtained in 
rats and mice after intraperitoneal injections of litmus solutions. The animals 
tolerate the dye, which colors them markedly, and they may remain stained for 
many weeks. Some of the tissues are colored diffusely, while the hue of others 
is traceable to an intracellular segregation of pigment. The observed differences 
in hue at different situations has great interest since they may be taken to indicate 
local differences in reaction. 

The material used by Rous was prepared from Kahlbaum's cube 
litmus by extraction with hot water, treatment with acetic acid, 
and precipitation with alcohol, according to a method given by Sutton 
(4), similar to one originally described by Mohr (4-6). It contained 
therefore, according to the statements in the literature, at least three 
important dyes: crythrolitmin, azolitmin, and crythrolein. 

As early as 1S-50, Kane (7-10) isolated from commercial litmus four con- 
stituents: azolitmin, crythrolitmin, crythrolein, and spaniolitmin. He con- 
sidered the two first mentioned to be the essential colorimg matters of the indi- 
cator. From lime to time other authors have reported the isolation of slightly 
different pigments, Martha (11-13) finding what he termed indigotin, and Schcitz 
(12, 13) a blue coloring matter distinct from azolitmin. On the whole, however. 
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workers agree that azolitmin and erythrolitmin are the chief sensitive indicator 
substances present in commercial “litmus,” that erythrolein, a relatively in- 
sensitive indicator pigment, is always present, while very rarely spaniolitmin is 
to be found as well, which last can be distinguished from azolitmin only with 
great difficulty. 

Preparation of “Whole Litmus” from Crude Litmus Cubes. 

Nearly all of the methods employed for the purification of litmus 
eliminate from the crude material merely its grosser impurities, notably 
gypsum. They yield a substance applicable to chemical needs but 
too complex for physiological experiments. The final product of the 
method of Mohr (5, 6), or of the procedures given in standard texts 
on analytical chemistry (4, 14), which we shall term “whole litmus,” 
has been repeatedly analyzed by us and found to contain, as coloring 
matter, over 90 per cent of erythrolitmin, a little azolitmin, and some 
erythrolein. There is present in addition a very small amount of 
gypsum. It was “whole litmus” that Rous used to advantage as a 
vital indicator. 

The “whole litmus” just referred to, while non-toxic when derived 
from some commercial samples, is highly toxic in other instances. 
In order to avoid the complication thus introduced, as well as to 
obtain more precise limiting conditions, we have deemed it best be- 
fore passing to physiological studies, to isolate and test on animals 
the individual indicator substances. After trying several methods 
we have found it best to extract the pigments in the acid state, as 
follows. 


Isolation of the Constituents of “ Whole Litmus.” 

Kahlbaum's litmus cubes were ground to a fine powder, well extracted with 
hot water, and the insoluble matter removed by centrifugation. The extract 
was reduced to a convenient bulk by evaporation, and concentrated HC1 was 
added drop by drop to decompose carbonates. When the solution had just 
turned red, and effervescence had ceased, the volume was measured and 4 cc. 
of concentrated IiCl was added for each 100 cc. of extract. Tin's was then 
placed on a water bath for 2 or 3 hours, that is to say until no further precipitation 
occurred. The whole was poured onto a filter paper and the precipitate washed 
free from acid with hot water and allowed to dry. The dried precipitate was 
transferred to an extraction thimble of a Soxhlet apparatus and extracted with 
ether until all soluble material had been removed. The ether was withdrawn 
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from the Soxhlet, and extraction continued with 95 per cent alcohol until the 
alcohol came away colorless. 

In this way three pigments were isolated. The etherial solution, 
when evaporated, yielded an oily red liquid, erythrolein. The alco- 
holic solution deposited, on evaporation, a bright red powder, erythro- 
litmin. The brownish red, insoluble residue which remained in the 
extraction thimble was azolitmin. 

The erythrolein needed no further treatment. The filtered alco- 
holic solution of erythrolitmin was removed to an evaporating dish 
and carefully dried, washed with ether to remove any remaining 
erythrolein, and again dried. The azolitmin residue was purified 
by washing, first with ether, then with alcohol, and dried. Since the 
pigments in acid state are insoluble in water, and moreover, when 
powdered and dried do not keep as well as in the alkaline form, which 
is water soluble, they were converted to the latter. For this purpose 
thick suspensions were made in water of the dried, powdered pig- 
ments in the acid state. Sodium hydroxide in normal solution was 
added until the indicator became bluish. The material was then 
evaporated to dryness, and the pigment powdered and kept sealed. 
For the purposes of vital staining 2 to 5 per cent solutions were made 
up fresh when desired in 0.9 per cent sodium chloride solution or in 
water. 

“Whole litmus” was prepared, according to the method of Mohr 
(6, 14), and the product, dissolved in 0.9 per cent sodium chloride 
solution, was also employed as a vital stain in experiments to be 
described below. 

Characteristics of the Isolated Pigments. 

General Characters — The physical characteristics, solubilities, and 
colors of the pigment substances generally found in litmus, have been 
described in detail by previous authors (7, 12, 15). Erythrolitmin 
and azolitmin arc of especial interest to the physiologist for the range 
of color change of these, which is from red to blue, lies within the 
presumptive pH range of many living cells. Erythrolein changes 
hue much less markedly, merely from red, on the alkaline side, to 
red -orange on the acid, at about pH 6.0 to 5.9. It is therefore only 
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of interest in that it complicates the use of the whole dye, litmus. 
In acid solution both erythrolitmin and azolitmin are a clear crimson- 
red, in alkaline solution blue. In the latter both are dichromatic, 
being a dark red-violet in very concentrated solutions. 

Color Intensity . — The color intensities of erythrolitmin and azolit- 
min as prepared above are different. A given amount of erythro- 
litmin will color a solution more deeply than will an equal amount 
of azolitmin. This has been apparent from comparisons, in a Du- 
boscq colorimeter, of equivalent concentrations of the two dyes, in 
the alkaline and acid forms, respectively. Both dyes had more than 
three times the color intensity of “whole litmus.” 

Colorimeter Readings. Acid Form . — Since the dyes are insoluble 
in water in the acid form, 0.025 per cent solutions in 10 per cent acid 
alcohol were compared. All the solutions were reddish orange, of 
so similar a hue as to afford a good color match. 

Five 0.025 per cent solutions of azolitmin were made from speci- 
mens of the dye, each prepared from a different batch of litmus cubes. 
Read in the colorimeter against one another a noticeable variation in 
color intensity was found, the strongest solution possessing 1.5 times 
the intensity of the weakest. Similar solutions of erythrolitmin 
from five specimens of the dye, each from a different source, when 
compared with one another showed as considerable variations in 
color strength. A mixture of equal parts of all the azolitmin solu- 
tions, compared with a similar mixture of all the erythrolitmin solu- 
tions, showed the color strength of the latter to be 1.39 times that 
of the former. 

Alkaline Form . — To study the color intensity of the two dyes in 
the blue state, comparisons of 0.025 per cent solutions in n/1 NaOH 
were made. The matching of color intensity was easy, despite the 
fact that the azolitmin was a slaty blue , and the erythrolitmin more 
azure. 

Five alkaline 0.025 per cent solutions of the five specimens of azo- 
litmin were compared in the colorimeter and so too were similar solu- 
tions of the erythrolitmin specimens. Of the alkaline azolitmin solu- 
tions the strongest possessed 1.6 times the color intensity of the 
weakest. Among the erythrolitmin solutions a slightly more uni- 



p„. ELMAN, D. R. DRTTRY, AND V. D. McMASTER 


781 


form color intensity was found, the strongest being 1.4 times as in- 
tense as the weakest. Repeated comparisons of a mixture of equal 
parts of all the alkaline azolitmin solutions with a similar mixture of 
all the alkaline erythrolitmin solutions showed the erythxolitmin to 
be 1.45 times as strong as the azolitmin in color. 

The Effect of Differing Concentrations of the Dye upon the Color in Vitro. 

Owing to their dichromatism the dyes, erythrolitmin, azolitmin, 
and “whole litmus,” may show colors varying with the concentra- 
tion, a potential cause of error when they are used as indicators. 
The magnitude possible to such an error was investigated by compar- 
ing the colors of solutions of each of these indicators at differing con- 
centrations. Solutions, varying in strength from 0.005 per cent to 
0.05 per cent, were made up in Sorensen’s phosphate buffer solutions 
(16) (m/ 15 primary' potassium phosphate KH-POi and xt/15 secondary 
sodium phosphate Na ; HPCh, 2H ; 0), having a pH range from 5.5 to 
8.04. In the case of all these indicators the diluted solutions were 
pure blue at pH 8.0, but with a tenfold increase in concentration 
appeared red-violet. A shift of the red, toward the alkaline side, had 
occurred corresponding to a change of 0.2 to 0.3 pH. On the acid side 
of the range, however, there was no observed difference in the color 
of the solution with differing concentration. 

The degree of color change with alterations in the pH could not 
be so readily determined in extremely concentrated solutions of the 
dye as in dilute solutions, but it may, of course, be greater. In the 
employment of the indicators for tissue study', when they are often 
found concentrated in intracellular granules, one must take into 
account possible errors referable to differences in concentration of the 
dye. For this reason one cannot expect to obtain precise knowledge 
concerning the pH by the use of the dy T e. But in connection with 
this point, —and to anticipate slightly results to be described later, — 
it may be stated that after injection of the litmus indicators into the 
mammalian body the differences in color of the intracellular granules 
are so great that differences in concentration can be but a minor 
factor in determining them. 
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Salt and Protein Errors. 

The presence of salt or protein in a solution may so affect tlie color 
range of indicators that they become of little value for determining 
its hydrogen ion concentration. The salt and protein errors of 
litmus and azolitmin have been studied in the past and found to be 
great (17) ; but the possibility presents itself that these errors may not 
be shared by erythrolitmin, the constituent of litmus employed for 
purposes of vital staining in the studies to be reported in a com- 
panion paper. We therefore determined the magnitude of the errors 
of this dye. These errors were found to be large. A specimen proto- 
col follows which illustrates the magnitude of the salt error in solu- 
tions containing differing concentrations of sodium chloride. 


TABLE i. 


Concentration of 

NaCl 

Apparent pH color 

1 

Actual pH 
(electrometric) 

Difference (salt error) 

percent \ 

.2 

7.21 

6.99 

.22 

.4 

7.21 

6.93 

.28 

.8 

7.21 

6.85 

.36 

1.6 

7.16 

6.70 

.46 

3.2 

7.12 

6.58 

.59 

4.8 

7.08 

6.41 

. 65 


Salt Error of Erythrolitmin. — Sorensen’s m /100 phosphate buffer solutions were 
prepared, having a pH range from 5.5 to 8.34. To 10 cc. of each in a scries of 
tubes of equal bore 0.3 cc. of a 0.1 per cent solution of erythrolitmin was added. 
In a companion series of tubes S cc. of m /50 phosphate buffer of pH 7.0 and 0.3 
cc. of 0.1 per cent erythrolitmin solution were placed. To each of this latter 
scries of tubes sufficient quantities of sodium chloride in 5 cc. of water were 
added to yield 0.2 per cent, 0.4 per cent, 0.8 per cent, 1.6 per cent, 3.2 per cent, 
and 4.8 per cent sodium chloride solutions in the total volume of 10.3 cc. The 
concentration of buffer in these tubes became therefore like that of the control 
series, m /100, and the amount of erythrolitmin present in all was similar. The 
addition of sodium chloride brought about a pronounced change of color, the 
solutions appearing more blue with each increase in the salt content, as com- 
pared with the controls. Electrometric determinations of the hydrogen ion 
concentration of all the solutions were then made. As the table given below 
shows, the solutions containing salt appeared bluer, that is to say, more alkaline 
than their true pH would warrant. 
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From this experiment it is obvious that the “salt error” of erythro- 
litmin is large. It is of importance to note that the error is tovrard the 
alkaline side, that is to say, in the opposite direction from the error 
of the phthalein indicators. 

Protein Error of Erythrolitmin . — Erythrolitmin shares also the dis- 
advantage of litmus and of azolitmin in that its protein error is large. 
This, like the salt error, causes the indicator to appear more blue in 
a solution containing protein than it should from the actual hydrogen 
ion concentration. For the experiments vre employed blood plasma 
and egg albumin solutions. A specimen protocol vrill be detailed. 

Sufficient y/15 phosphate buffer, pH 6.47, was added to clear rabbit plasma 
to give the mixture Jt/50 concentration of this buffer. Air was bubbled through 
for 30 minutes to remove CO 2 and then for another half hour a mixture of equal 
parts of air and hydrogen. The addition of a small amount of this plasma, 1 
to 9 cc. of it/13 buffer solution, pH 6.9, containing erythrolitmin in the red-violet 
stage, caused a change in the color to a pure blue. 

To determine the protein error of erythrolitmin it vras deemed best to make 
up plasma-indicator mixtures in such a may that their final color would be neither 
blue nor red but violet, as is erythrolitmin alone in buffer solutions of hydrogen 
ion concentration between pH 6 9 and 7.4. Within this narrow range a change 
in color can be noted with each difference of 0.2 pH. Test solutions were therefore 
made up of a total bulk of 10 3 cc., in each of which was 0.3 cc. of 0 1 per cent 
erythrolitmin solution and varying amounts of 11 /IOO phosphate buffer, pH 5.59, 
and of a mixture in equal parts of buffered plasma, ii/50, and of distilled water 
free from CO; (see Tabic II). These mixtures contained, respectively, 10 per 
cent, 20 per cent, 40 per cent, 50 per cent, and 60 per cent of plasma and the 
concentration of buffer in all was the same, a shade less than ir/100. 

For color comparison a series of is/100 phosphate buffer solutions, having a 
pH range from 5.04 to 8.34, was used and to 10 cc. of each, 0.3 cc. of the 0.1 per 
cent erythrolitmin solution was added. Upon adding erythrolitmin to plasma 
one encounters in addition to the protein error, another error due to the salt 
present v.ith the protein. To determine the share of this additional source of 
error, "control solutions” were made up, each containing in the same concentra- 
tion of phosphate buffer the amount of salt presumably added to the “test solu- 
tions” with the plasma. This was done by employing Ringer’s solution minus 
its sodium carbonate content, together with the necessary amount of u/15 
phosphate buffer solution to bring the buffer concentration of the total mixtures 
to M/100. In this way "control solutions” \ ere obtained which were ncarlv 
like the "test solutions” except in the respect that the latter contained protein. 
In order to find “control solutions” which matched the violet “test solutions,” 
it was necessary to make up scxcral scries. Tor as the amount of plasma in the 





10.3 cc. buffer concentration 10.3 cc. buffer concentration 

m/100 m/100 

pH electrometrically 6.67 pH electrometrically 7.36 pH elcctrometrically 7.59 
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“test solutions” was increased a greater and greater color shift toward the blue 
side occurred (see Table II). 

The actual hydrogen ion concentration of all the solutions was determined 
electrometrically. 

It was evident from such findings as are given in the table that 
the protein error of erythrolitmin is very large. When mixtures of 
the indicator are made with plasma or egg albumin, containing salt as 
well, the apparent error is still greater, for both salt and protein cause 
a change in the color of the indicator in the same direction, that is 
to say toward the alkaline side. As a result of this combined error 
a protein solution which is at about pH 7.0, that is to say, neutral, 
may appear frankly alkaline upon the addition of erythrolitmin, 
that is to say, blue. 

When to 10 cc. of rabbit’s plasma rendered CO* free and buffered 
as described above with sufficient m/15 phosphate buffer to give the 
mixture m/50 buffer concentration, 0.3 cc. of 0.1 per cent erythro- 
litmin solution was added, the color of the mixture matched that of 
erythrolitmin alone in phosphate buffer m/100 of pH 8.34. The 
actual pH of the protein mixture determined electrometrically was 
pH 7.20 and that of the buffer solution 8.19. The colorimetric read- 
ing was therefore in error by pH 1.0. In m/100 buffer solutions the 
color of erythrolitmin at pH 7.2 is red-violet, at 8.34 pure blue. 

It has been noted elsewhere (1, 2, 3) that litmus segregated by 
living cells out of body fluids dyed blue with it is held in the red form. 
This is scarcely what one would expect were the intracellular reaction 
neutral or slightly alkaline for the influence both of protein and of 
salt would tend to render the litmus blue under such conditions. 
It is a matter of interest therefore to know the actual hydrogen ion 
concentration of protein mixtures rendered just sufficiently acid to 
bring the indicator to the red color it assumes in intracellular granules. 

The protocol of one experiment on the point out of a number will 
be given. 

To 3 cc. of buffered plasma, 1 cc. m/3 KH2PO4 solution (pH about 4.5) was 
added and 0.3 cc. of 0.1 per cent erythrolitmin solution. The resulting color was 
violet, not red. To the mixture phosphoric acid si/15 was added in just suffi- 
cient quantity (0.6 cc.) to bring about a brick red color like that of the crythro- 
litmin-stained granules frequently seen within tissue cells. The color of this 
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mixture matched that of erythrolitmin in ir/15 phosphate buSer of pH 5.91. 
Electrometrically the pH of the plasma solution vras found to be 4.81. 

In connection with such findings it is to be recalled that the con- 
centration error of erythrolitmin is in the opposite direction to that 
of the salt and protein errors, that is to say, the more concentrated 
the dye the more does it tend to appear red. It follows that an 
intracellular granule containing the dye in concentrated form need 
not have as great an acidity as that prevailing in the experiment 
above in order that it shall appear red. 

From the foregoing results taken together it is obvious that in vital 
staining with erythrolitmin, one must content oneself ordinarily with 
the determination of relative differences in pH. 

The Donnan Equilibrium Has No Ejject upon the Distribution oj the 

Litmus Derivatives. 

A dye taken up by tissue cells becomes subject to the forces inci- 
dent to the presence of protein substances. Our finding, that some 
changes in the color of the dyes result from changes in their concentra- 
tion, made it important to study the influence of hydrogen ion con- 
centration on the distribution of dye between fluid and protein, in 
mixtures of the two. A series of solutions were prepared containing 
powdered isoelectric gelatin and varying amounts of add and alkali. 
“Whole litmus” or erythrolitmin was added to each. 20 hours 
later the fluid was separated by filtration and the amount of dye in 
it measured colorimetrically. All the solutions were found to con- 
tain the same proportions of the indicator. The conditions set up 
by the Donnan equilibrium did not change the relative distribution 
of the dye at the various hydrogen ion concentrations. From this 
finding it would seem that the probability of an error, caused by' con- 
centration changes due to the presence of protein, is slight. 

A series of acid and alkaline mixtures were made up in 0.9 per cent XaCl solu- 
tion, using x/1 HC1 and s/1 NaOH in proper quantities to give x/5, n/20, ;.'/40, 
k/?0, J.-/ 16Q to X/12S0 acid in saline, and u/f-0, x/160, x/320, x/640, and x/12S0 
alkaline in saline. To £0 cc. of each of these 2 gm. of powdered isoelectric gelatin 
v.-n< added and 1 cc. of a 1 per cent solution of “whole litmus,” just sufficiently 
alkaline to be in the blue state. The mixtures were each shaken 1 minute, packed 
in ice. and allowed to 'land with the gelatin completely submerged in the fluid 
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for 20 hours. The litmus solution gave a red color to the gelatin and a blue to 
the supernatant liquid of the n/640 and n/1280 acid solutions immediately upon 
its addition to them; but after standing the color of the gelatin and supernatant 
liquid was uniform. The n/160 and n/320 NaOH solutions seemed to be close 
to the neutral point for the indicator, whereas the n/80 NaOH solution was 
alkaline to it, as shown by the distinctly blue color, and the n/640 NaOH solu- 
tion acid, appearing red. 

The supernatant liquids were separated from the gelatin by rapid suction 
filtration and the amount of dye present in each was estimated by adding to 
each 0.6 cc. of 40 per cent NaOH to convert the color to a strong blue to be read 
in a Duboscq colorimeter against a standard. For the latter puipose there was 
employed a solution containing 1 cc. of 1 per cent “whole litmus” to 50 cc. of 
saline with 0.6 cc. of 40 per cent NaOH. It will be seen that the amount of 
indicator equalled the total added to each of the gelatin mixtures. 

The distribution of litmus was as follows: 


Acid. 



n/80 

n/160 

n/320 

N/640 

n/1280 

In supernatant 
liquid 

percent 

54 

per cent 

53 

per cent 

52 

per cent 

47 

per cent 

49 


Alkaline. 



n/1280 

n/640 

N/320 \ 

i 

N/160 

N/S0 

In supernatant 
liquid 

percent 

49 

per cent 

56 

per cent 

52 

per cent 

61 

percent 

58 


The concentration of chloride ion in the supernatant liquids was found to be 
about the same in all. There was proportionately a little more in the gelatin. 
The determinations were made by adding an excess of silver nitrate to the solu- 
tions and titrating the amount of the excess with potassium thiocyanate, with 
iron alum as the indicator. 

The behavior of erythrolitmin, studied in the same way, was found to be 
completely analogous to that of “whole litmus.” 

Indicator Properties of Erythrolitmin as Shown by the Spectrophotometer. 

The property of certain dyes which enables them to serve as indi- 
cators is their ability to absorb different proportions of light in a given 
part of the spectrum at different hydrogen ion concentrations. The 
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Text-Fig. 1. The absorption of light by 0.01 per cent solutions oi erythro- 
litmin, in buffers, at various hydrogen ion concentrations. The amount of light 
tran'mitted by the solutions is plotted along the ordinate, and along the abscissa, 
in Angstrom units, light v,-avc-lcngths. Each curve records the variations in 
light absorption, in various regions of the spectrum, by a single solution of erythro- 
litmin at a definite pH. The regions of the spectrum at which readings were 
made arc designated on the chart. Within the blue region of the spectrum, the 
more alkaline the solution, the more blue is transmitted. On the red side 0 f t f, e 
spectrum, the more add the solution, the more red comes through. 
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phenomenon can be readily measured with the spectrophotometer 
when the instrument has been set to permit the passage of light of 
known wave-lengths, while allowing light of but one wave-length to 
pass at any given time. Studies of various dyes have been made in 
this way, and Brode (IS) has recently applied the method to synthetic 
indicator substances, phenol red, brom cresol blue, and others. 

A study of erythrolitmin and azolitmin with the spectrophotom- 
eter is of value in that it shows graphically the manner in which 
the substances act as indicators. It has proved furthermore that 
they are pure indicators, on a par in this respect with the synthetic 
dyes examined by Brode, 

Four series of Sorensen's phosphate buffer solutions (16) were prepared, each 
containing 0.02 cc. of 5 per cent azolitmin or erythrolitmin to every 10 cc. As 
a control solution uncolored buffer was employed. Both were placed in glass 
cells 10 cm. long. The amount of light absorbed at certain arbitrary points on 
the spectrum was measured for each solution and a series of curves prepared. 
Those for erythrolitmin are shown in Text-fig. 1. 

The instrument used was of the type first designated by Konig (19), modified 
by Martens (20), and made by Franz Schmidt and Haensch (Berlin). The 
apparatus is briefly described by Sheppard (21). A more detailed description 
can be found in the paper by Martens and Griinbaum (22), and by Griinbaum (23). 

Briefly, the instrument provides for the passage of 2 equal beams of light from 
a single source, which pass through the solutions to be studied, then through 2 
adjustable slits and a collimating lens and are finally refracted by a single flint 
prism. The emerging beams pass into the movable arm of the instrument 
which, by a graduated screw, can be placed at any angle thus admitting the 
light from any desired portion of the spectrum. Here the 2 refracted beams are 
polarized by a Wollaston calcite prism, passed through a biprism and brought to 
a focus by a telescope lens. 

At the eyepiece 2 images, 1 from each slit, are seen polarized at right angles 
to each other. By rotating the crossed Nicol prism placed in the eyepiece the 
intensity of the light in each half of the field is reciprocally altered. Before 
making any observations the instrument is so adjusted that a movement of the 
Nicol prism to 45° from the zero point illuminates the 2 fields equally. This 
was also found to be the case, as it should be, at a rotation of 135°, 225°, and 
315°. 

Calculation: — = t— Where 5 = light transmitted through solution 
C Cos- a ... . 

containing the dye. 

S t C = light through the control solution. 

- - tan a 0 _ angle of deviation (from 45°). 
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The amount of light transmitted through the colored solution will vary from 
0, when all light is absorbed, to 1, when none is absorbed, that is to say, when 
the same amount of light comes through on the 2 sides. The light used was a 
Nemst filam ent set in series with a resistance cod. The readings of angular 
deviation were converted to Angstrom units, by calibrating the instrument with 
known spectral lines and interpolating between. 

The accompanying figure represents the findings for erythrolitmin. 
Azolitmin gave practically the same curves. The amount of light 
transmitted by the solutions is plotted along the ordinate and is 
simply the reading of tan'- a, subtracted from 1, since tan- a repre- 
sents percentage of absorption. Along the abscissa are plotted the 
wave-lengths which correspond to the different parts of the spectrum 
in which the readings are made. Each curve records the variations 
in absorption of a solution of given pH and it is seen that they fall 
into a regular order with relation to each other. 

It is of great significance that the curves of light absorption in solu- 
tions of different pH all cross at a single point, for this is characteristic 
of pure indicator dyes (18). In this case the point lies at a wave- 
length of 5250 Angstrom units, which corresponds to a blue-green. 
Regardless of pH the proportion of light transmitted at this point is 
the same, 58 per cent. On the blue side of the spectrum, the more 
alkaline the solution, the more blue comes through. On the red side 
of the spectrum, the more acid the solution, the more red comes 
through. 

The Relative Worth of the Litmus Dyes as Vital Stains. 

Rous has recently used litmus as a vital stain in rats and mice 
(1, 2, 3). For weeks after intraperitoneal injection the tissues of these 
animals are still colored with it and it has retained its indicator proper- 
ties. There are numerous differences to be seen which are pre- 
sumably indicative of local differences in the reaction. We have 
made an effort in the course of the present work to throw more light 
on some of the phenomena observed after injection of litmus by com- 
paring with them the effects of injection of the constituent coloring 
matters. ° 

The litmus used by Rous (1) contained at least the three coloring matters 
erythrolitmin, aeoUtmin, and crythrolein. .-1 pricri it would seem that the 
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heterogeneity of litmus might be disregarded when it is employed as a vital stain 
because of the circumstance recognized by others before us (15) that one of the 
constituents, erythrolitmin, makes up 90 per cent or more of the whole dye. 
But many authors have considered azolitmin the active principle of litmus, and 
conceivably this may have been true of the preparations with which they worked. 
Our material (Kahlbaum’s litmus) which was the same that Rous employed 
yielded over 90 per cent of erythrolitmin, as already stated. Both azolitmin and 
erythrolitmin are indicators in vitro with practically tire same virage and ab- 
sorption bands, as we have pointed out, but the latter is a more intense dye and, 
as will be shown below, is more suitable for experiments in vivo. The third dye 
constituent of litmus, erythrolein, is a poor indicator for tissue study since the 
color change is merely from red to red-orange. 

Procedure. 

"Whole litmus,” erythrolitmin, azolitmin, and erythrolein were separated out 
of litmus purified as already described, and injected into the peritoneal cavity of 
rats and mice. The individual dyes like the “whole litmus” were made up in 2 
and 5 per cent solutions in 0.9 per cent sodium chloride solution. Sterilization 
was effected by heating test-tubes partly filled with the solutions in boiling water 
for 30 to 60 minutes. 

The dyes were given with aseptic precautions. Graded doses were administered 
to many series of animals and special note was made of the rapidity and depth of 
the tissue staining which ensued. Special cages were employed for the collec- 
tion of total urine. At various intervals, from half an hour to 10 days after 
the injections, the animals were put lightly under ether and guillotined. Autopsy 
was done at once, and the tissues examined. Fresh sections of the kidney, and 
frequently of other organs, made with the Valentine knife, were studied, and 
frozen sections were examined later. The kidney findings will form the subject 
of a succeeding communication. Staining of the tissues was best accomplished 
by injecting the dyes twice at an interval of 48 hours, killing the animal 2 days 
after the last injection. 


Experimental Findings. 

Erythrolein . — No generalized staining followed the administration 
of this dye. Nearly all of it was soon secreted into the urine which 
assumed in consequence an intense red color that failed to change 
notably on the addition of alkali. Moreover, erythrolein proved 
strongly toxic, causing death in doses of £ mg. per gm. of body weight. 

Azolitmin . — The 5 per cent solution of azolitmin in water or physio- 
logical saline proved to be thick and viscid. The indicator ivas ab- 
sorbed slowly from the abdominal cavity and much of it could be 
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found there after 24 hours or more. As a consequence animals were 
not well colored after the injection of \ mg. of the dye per gm. of 
body weight. To obtain satisfactory staining as much as \ mg. per 
gm. of animal was necessary, an amount which proved toxic and 
usually lethal. 

Even the largest non-toxic dose stained the kidney but poorly. 
On the day following a single injection the glomeruli appeared in- 
tensely blue from the presence of the dye in the capillar],’- tufts, and 
blue streaks in the kidney cortex represented the blood vessels in the 
midst of the pale, unstained parenchyma. The general staining of 
other organs was slight, but became definite after a second admini- 
stration of the dye. When examination was made 2 days there- 
after, the kidney contained much of the indicator as compared with 
the amount elsewhere. It was present in the tubule cells for the most 
part as large red granules though some cells contained blue ones. 

Erylhrolilmin . — Erythrolitmin has proved far superior to azolit- 
min or “whole litmus” as a vital stain. In vitro it exhibits a greater 
color intensity than azolitmin, as already demonstrated, and when 
injected into animals it is much less toxic, doses of i mg. per gm. of 
body weight being well borne. A generalized blue staining with the 
dissolved dye is caused by but \ mg. of erythrolitmin per gm. of 
animal. The injection of this amount causes a pronounced transient 
bluing of the body. The dye is employed to advantage in 2 per cent 
solution. 

Within an hour after the injection of erythrolitmin into rats and 
mice blue areas appeared on the pads of the feet and in the ears of 
the injected animals, and within 2 to 3 hours the entire body was 
colored blue. After 24 hours little of the indicator could be re- 
covered from the peritoneal cavity, practically all haring been ab- 
sorbed. At this time the animals were diffusely colored and the dye 
could be found in almost every tissue. Later much of it became 
segregated in granular form within cells. It is unnecessary' to go 
into the findings in detail since they arc identical with those recorded 
by Rous (1. 2. 3) for rats and mice injected with “whole litmus.” 
After repeated do*cs the staining became intense and at autopsy most 
of the tissues appeared highly colored, the kidnevs in particular 
containing large amount* of the dye. Within the- tubule cells in 
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certain regions were granules stained a brilliant red, while in others 
they were blue, as observed by Rous (1). 

The urine voided shortly after the injection was usually red, but, 
unlike the red urine found after injections with erythrolein, turned 
blue upon the addition of alkali. But soon excretion of the dye 
ceased, the urine becoming colorless and remaining so. 

“ Whole Litmus .” — In the course of experiments, to be described in 
a later paper, numerous rats and mice were injected with “whole 
litmus” and examined after various intervals of time. The material 
proved toxic as compared with erythrolitmin and the staining of the 
tissues effected by it was less intense. The toxic effects would seem 
from our findings to have been due in considerable part to substances 
other than the indicator dyes. The various batches of “whole 
litmus,” prepared by the same method, differed greatly in toxicity. 
Doses of \ mg. per gm. of body weight of animal were often tolerated 
well, but at other times proved fatal. The specimens varied much 
in color intensity as well. Some contained much erythrolein, others 
little, and differences in the content of azolitmin and erythrolitmin 
were also found. The first urine collected after injection with “whole 
litmus” was red, often intensely so, but the addition of alkali caused 
no change to blue. From the characters of erythrolein, above de- 
scribed, one may conclude that the red color of the urine was due to 
the excretion of the erythrolein portion of the “whole litmus.” Some 
part of the relative toxicity of the latter may also be ascribed to its 
content of this pigment. 

DISCUSSION. 

Caution must be exercised in the interpretation of findings with 
erythrolitmin and azolitmin when used as vital stains, despite the 
fact that the light absorption phenomena of these dyes, when pre- 
pared as described above, place them on a par as concerns purity 
with synthetic indicators such as phenol red (18). Both of the dyes 
are colloidal and they tend to become segregated within the cells in 
granules. They are dichromatic as well, and because of this may give 
erroneous information when variously concentrated within cells. 
The total error from this source and from the presence of salt and 
protein is smaller, however, than one might expect. And our experi- 
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ments on the distribution of erythrolitmin and "-whole litmus” be- 
tween a protein and the fluid bathing it, as exemplified by gelatin and 
water, fail to demonstrate any important influence of the Donnan 
equilibrium. 

While no accurate inferences concerning the absolute pH within 
living tissues can be drawn through the use of these dyes, changes in 
the relative reaction can be followed with ease. It is with this in 
mind that we have studied the indicators. 

It is evident from our experiments that one may ascribe the tissue 
staining described by Rous (1, 2) almost wholly to the erythrolitmin 
content of the "whole litmus” that he employed. 

SUMMARY. 

We have devised methods for the separation and isolation of the 
important indicator constituents of litmus, azolitmin, and erythro- 
litmin, with a view to employing them as vital stains. Analysis of 
the color intensities of these dyes shows slight differences in them, 
azolitmin being the weaker pigment, weight for weight. Study of a 
third coloring matter, erythrolein, which exists in litmus has shown 
it to be an unsatisfactory indicator, and toxic for animals. 

Analyses with the spectrophotometer of the absorption of light by 
erythrolitmin and azolitmin, prepared by our methods, and tested 
over a wide acid-alkali range, show them to be pure substances, com- 
parable in this respect with synthetic indicators. 

The errors in the interpretation of the indicator phenomena on vital 
staining, which are incident to changes in the concentration of the 
dyes, arc so slight as to be negligible. The salt and protein errors on 
the other hand arc large. The factors responsible for the Donnan 
equilibrium fail to influence the distribution of the indicators between 
fluid and gelatin. 

Erythrolein was found useless when employed for vital staining, 
and azolitmin proved unsatisfactory since it colors poorly and is toxic! 
But erythrolitmin can be used to great advantage. It is readily ab- 
sorbed, and in non-toxic doses stains intensely. The range of pH at 
which it changes from red to blue fits it for the demonstration of 
changes in the reaction of living tissues. By reason, however, of the 
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salt and protein errors to which it is liable, the pH cannot be accurately 
ascertained. 

Intravital staining with erythrolitmin yields results similar to those 
following injection of purified “whole litmus.” 
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In the past the injection of dye substances into the circulation of 
living animals has yielded much information about the functions of 
certain regions of the kidney (1-7). Recently Rous (8-11) has re- 
ported studies of the relative reaction of living cells carried out by the 
use of various -indicator dyes. Some of his methods are well adapted 
to a study of the reaction within kidney cells and he has observed that 
litmus when segregated within the renal epithelium is in some places 
red, in others blue, a fact suggestive of marked functional differences. 
In the work here to be reported this observation has been followed up 
and we shall record certain changes in the reaction within cells lining 
the renal tubules of mammals, which changes accompany and are 
largely, if not entirely conditioned by alterations in the functional 
activities of these cells. 

Previous Literature. 

The older literature on vital staining of the kidney has been reviewed bv 
Cushny (12) and recently by Marshall and Crane (13). The elimination of dye 
substances by the glomeruli has been demonstrated by tVcam and Richards (14- 
lb) and by Bictcr and Hirschfcldcr (17). Workers are at one concerning it, but 
there has been much difference of opinion as to the significance of the presence of 
dye substances within the tubule cells. Hcidcnhain (1) took their presence to 
indicate a removal of the dye by these cells out of the blood and into the urine a 
secretory activity in other words; but many more recent workers have looked 
upon it (6, 12) as a result of absorption from the tubule lumen. Reccntlv Marshall 
and Vickers (1$) and Marshall and Crane (13) have reported studies of the excre- 
tion of phenol red which they take to indicate a direct secretion of the dye by the 
tubular epithelium. 
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Indicator dyes have been much used for the study of kidney function in general 
but very little for that of the reaction prevailing within renal cells. Long ago 
Dreser (19, 20) found acid fuchsin in the acid state in the cells of the convoluted 
and straight tubules of the frog following repeated injections of the dye, and 
Griitzner (21) reported that the glomeruli were stained with indigosulfonate in the 
acid form under conditions of asphyxia. Rous (22) noted that the color of the 
renal cortex of rats and mice injected with various of the phthalein indicators was 
often such as would indicate a pronounced degree of acidity; and more recently 
Edwards and Marshall (23) have noted that phenolsulfonephthalein when present 
in the convoluted tubule cells of the dog kidney has the yellow color of acidity. 
Stieglitz (7) had previously employed azolitmin, neutral red, and sodium ali- 
zarinate in a study of changes in the reaction of the renal tissue. He injected the 
dyes directly into the blood stream of rabbits and dogs and killed the animals 
within a few minutes. He took the coloration to indicate that the reaction pre- 
vailing within the kidney cortex is alkaline when an acid urine is being secreted and 
vice versa. No histological evidence is given in his paper. 

In the experiments here to be described we have studied the reaction 
within kidney cells by means of one of the pigmented ingredients of 
litmus, erythrolitmin (24-27), which is taken up and held by these cells 
for considerable periods. Rous, in his papers on the relative reaction 
of mammalian tissues (8-11, 22) noted that the tubule cells of the rat 
kidney, after an intraperitoneal injection of litmus, contained abun- 
dant granular deposits of the dye, which persisted for weeks and even 
months after the injection. Since the intracellular material was found 
on test to have retained its indicator properties it was evident that a 
study of the reaction within the cells could be made under varying 
physiological circumstances. 

The Suitability of Erythrolitmin for Kidney Cell Studies. 

More than 90 per cent of the purified “whole litmus” employed by 
Rous consisted of erythrolitmin, and it is to this ingredient that the 
staining he obtained is to be attributed. Erythrolitmin is far superior 
to azolitmin or to “whole litmus” for purposes of vital staining, being 
practically non-toxic, and its change from red to blue occurs within 
the range of hydrogen ion concentration encountered in acid and 
alkaline urines (12, 24). These facts, coupled with the finding that 
intraperitoneal injections of the substance did not cause nephritis, 
as evidenced histologically by sections of the kidney and by the ab- 
sence of albumin in the urines of the injected animals, led us to employ 
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it for the present -work according to a method described below. Only- 
pure erythrolitmin was used, save where mention to the contrary is 
made. After intraperitoneal injections the dye is segregated within 
the tubular epithelial cells everywhere from the glomerulus to the 
collecting tubule, and shows striking regional differences in color under 
differing conditions of functional activity. A diffuse staining of the 
intracellular granules takes place, not a mere surface accumulation of 
dye such as some authors believe occurs (11) who have dealt with 
renal epithelium stained in other ways. 

Character oj ilie Staining. 

The exact situation of dye substances segregated within cells has 
been the subject of great dispute. The indicator material retained 
within cells after injections of “whole litmus” is sometimes concen- 
trated upon the surfaces of cell granules and in other cases is diffusely 
distributed within the latter (8, 9). The colored granules which can 
be squeezed from renal epithelial cells, after an intraperitoneal injec- 
tion of erythrolitmin, show in our experience a diffuse distribution of 
the stain now in dilute form and again greatly concentrated. Many 
granules spread like masses of a soft gel when pressure is exerted upon 
the cover slip, but others resist such pressure as can readily be brought 
to bear and retain their form. There are never any appearances that 
would suggest a precipitation of the dye. Always it is evenly distrib- 
uted and the granules are translucent. 

Procedure. 

Rats of 80 to 200 gm. weight were given intraperitoneal injections of a 2 per cent 
solution of erythrolitmin in 0.9 per cent sodium chloride solution. The material 
had been prepared according to a method described in the foregoing paper (24). 
For every gm. of body weight \ to \ mg. of the dye was given and the injection was 
repeated once or twice at 4S hour intervals. The result was an excellent s tainin g 
of the kidney. As a rule the organ was examined 48 hours after the last injection, 
but the findings were much the same when the interval was several hours shorter'. 
At the time for examination of the kidneys the animals were given a whiff of 
ether, guillotined, stretched out upon a paraffin slab, and submerged in paraffin 
oil. The kidneys were removed with all possible speed, dccapsulated and 
sectioned with a Valentine knife while still under the oil. The whole process 
required often no more than 45 seconds to 1 minute. The sections, protected by 
oil, were placed on mica slides, covered with thin slips of the same matcri-1 and 
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ringed with paraffin. As these sections were often about 100/r thick, and on the 
average about 150 to 175p, observations on the color of the dye granules within the 
kidney tubule cells could readily be made. Frozen sections also were made and 
studied to determine the distribution of the dye irrespective of its color. On freez- 
ing the tissues, the granules previously diversely colored, red, blue, or violet, 
became all of one hue, violet, as result of the process of freezing and immersion 
of the sections in water before mounting. The granules within the cells of fresh 
sections made with the Valentine knife, on the other hand, did not change color 
during the first few minutes of observation, often maintaining their original hue 
for 20 minutes or more, a fact which may be taken to indicate that the coloration 
was identical with that existing during life. 

Findings in the Normal Rat Kidney. 

In the gross the stained kidneys appeared a dark purple-red. Under the low 
power of the microscope the outer zone of the cortex appeared blue at first sight, 
the inner zone red, and the medulla unstained. Closer inspection showed, how- 
ever, that there were marked local differences underlying the prevailing hues. 
Much of the renal cortex was unstained. The glomerular tufts showed no litmus 
but were well filled with blood cells of the natural hue. The endothelial lining 
cells of the glomerular capsule and particularly those near the entrance of the 
uriniferous tubule always appeared a deep brilliant blue, containing the dye either 
in very fine granules, or at times in what seemed to be the diffuse form. 'Wherever 
the proximal convoluted tubule could be seen leading off, the cells lining it con- 
tained the dye in bright blue granules, which were so abundant as to lend a blue 
hue to the cells. In most sections this picture was readily to be observed. The 
glomerular tufts appeared as though in the cup of a blue crescent with a blue stem. 

Wherever the eye could follow a single tubule far toward the renal pelvis, the 
color of the granules contained in the epithelial cells was observed to vary with the 
region. Near the glomerulus the color was blue, and further down violet, while 
it was red a very little further on. In that short segment where the tubule cells 
in general appeared violet, owing to their content of granules having this color, 
individual epithelial cells were to be found containing granules some of which 
were brilliant red and others bright blue. In every section there were portions 
of tubules occupying the zone intermediate between tire outer and inner cortical 
areas of the kidney, that could not be identified definitely. These usually con- 
tained violet granules. 

In the inner zone of the renal cortex were to be seen in every section many 
characteristic loops of Ilenle, mostly of a brilliant blue, but some violet, and a few 
red. Adjoining these portions bits of tubules were often made out from just 
above or just below the loops of Henle in which a transition from blue through 
violet to red or vice versa could be seen. The above mentioned unidentifiable 
bits of tubules containing the dye in violet form may be considered to have come 
from regions lying a little way above or below the loops of Ilenle. 
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In the outer cortical region convoluted tubules could be seen the cells of which 
all contained the dye in red granules. In no i n sta n ces were the striations, charac- 
teristic of proximal convoluted tubules, present among them. \ ery often these 
“red tubules” emptied directly into the collecting tubes, in which case there was, 
of course, no doubt that we were dealing with distal convoluted tubules. In 
striking contrast, the proximal portions of the convoluted tubules, when definitely 
identified, either by their striations or when emerging from a glomerulus, con- 
tained the dye in the blue form. Never was any dye to be seen in the cells of the 



Neutral urine Alr-dLr.e ur.r.z Acid urme 

Text-Fig. 1. Text-Fig. 2. Text-Fig. 3. 

Text-fig. 1 shows diagrammatically the renal color pattern following intraperi- 
toncal injections of crythrolitmin in rats secreting neutral urine. Text-figs. 2 
and 3 show the changes in color pattern associated with the secretion of alkaline 
and acid urine, respectively, described in the text. The region of blue erythro- 
litmin is indicated by solid black, that of violet by dots, and of red by the short 
lines. 

collecting tubules and none was ever recognizable in the glomeruli or tubular 
lumcna. 

Sometimes all of the findings described could be made out in a single preparation. 
From the examination of scores of fresh sections, from many animals, we have 
prepared Text-fig. 1, which shows diagrammatically the state of affairs in the 
kidney of a rat maintained on an ordinary diet of barley, oats, and bread and milk 
and excreting a very slightly acid or a neutral urine. 

In brief, then, during the excretion of neutral or very slightly add 
urine, the granules of the lining cells of the glomeruli as well as’ those 
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of the cells of the derivative tubules, at times as far along as the loops 
of Henle, are alkaline to erythrolitmin. Further on, in a short seg- 
ment of tubule the cell granules show the violet color of neutrality, 
while further yet, in the cells in the ascending limb and in the distal 
convoluted tubules, the granules are acid in reaction (Text-fig. 1). 
There is no dye anywhere to be seen in the lumina of the tubules and 
none within the cells of the collecting system. 

The Effect of Diuresis on the Staining with Erythrolitmin. 

A number of rats were provided for several days with nothing but a 
10 per cent watery solution of cane sugar which they drank in great 
quantities. During this period erythrolitmin injections were given as 
in the instances described above. A series of control animals fed on a 
diet of bread and milk, barley and oats and injected with similar 
doses of erythrolitmin, were employed for comparison. The urine 
secreted by the sugar-fed animals appeared slightly more alkaline to 
brom cresol purple and phenol red than did that of the controls and 
was from two to four times as abundant. In the kidneys of individuals 
killed at the height of the diuresis, sections of the renal tissue, viewed 
in the gross, appeared to contain far more blue dye. Microscopically, 
fewer unstained areas were seen and the loops of Henle were oftener of 
a bright blue, though the cells of the distal convoluted tubules were 
still always red. The point of change from the blue to the red reac- 
tion was apparently situated further down the tubule. 

The experiments suggested that with an increase in the quantity of 
the urine and a change to slightly greater alkalinity, more, relatively 
speaking, of the litmus was present in the alkaline form. 

The Kidneys during the Excretion of Alkaline Urine. 

Animals to which sodium bicarbonate had been given were now 
studied. 

Rats weighing from 75 to 200 gm. were given by stomach tube, in the morning 
and again late in the afternoon of tire same day, 5 cc. of a 10 per cent solution of 
sodium bicarbonate. A plentiful excretion of alkaline urine always resulted. 
On the 2 or 3 days following, during which the bicarbonate administration was 
continued, injections of a 2 per cent erythrolitmin solution were made as in the 
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normal control rats. There were either two or three injections, on successive or 
alternate days. After a final lapse of 4S to 72 hours, without discontinuance of the 
bicarbonate administration, the animals were killed and the kidneys exa min ed 
microscopically. To vary the conditions some individuals, previously injected 
twice or thrice with erythrolitmin, were given the alkali once, then again on the 
following morning, and in the afternoon they were killed and studies of the kidneys 
were made. The findings were the same whichever the procedure. 

In the gross the kidneys appeared deep purple-red as ordinarily. Micro- 
scopically the general color of the cortex was blue, but scattered areas of cells 
with brilliant red granules were to be found. As usual the glomeruli lay within 
blue crescents of endothelial cells packed with blue dye, and the .capillary tufts 
were filled with blood of natural color. The cells of the proximal convoluted 
tubules leading away from the glomeruli were crowded with granules of a dense 
deep blue. Nearly all the tubular loops which could be identified as descending 
limbs of the loops of Henle were deep blue and so too with the ascending limbs for 
some distance. In the cortex, however, many red tubules were seen, the cells 
thereof containing in no instance the striations of proximal convoluted tubules. 
A connection of these red tubules with the collecting tubes could frequently be 
made out and hence they must have been portions of the distal convoluted tubules. 
But segments of them, — not adjacent to the collecting tubes but lying further up, — 
were blue or violet, a phenomenon never observed in the animals secreting neutral 
urine. The collecting tubules themselves were unstained. 

A change in the relative reaction within the tubule cells as evidenced 
by the distribution of the litmus colors had evidently taken place in 
these animals. The blue coloration extended much further down, 
being seen in the granules of the cells of the ascending limb of the 
loop of Henle and in an adjoining portion of the distal convoluted 
tubules. In every case the terminal portions of these latter where they 
joined to the collecting tubules were red with the indicator, as under 
normal conditions, and this despite the fact that a markedly alkaline 
urine was being secreted. 

The findings described above have been gathered from an examina- 
tion of many sections from many animals, though occasionally a single 
specimen showed them all. By and large they demonstrate clearly 
that, during the secretion of alkaline urine, the reaction within the 
cells of the kidney cortex is markedly altered. The essential differ- 
ence from the normal lies in an extension of the blue color along the 
tubular path, in some instances almost as far as the collecting tubules. 
Text-fig. 2 shows this diagrammatically. 
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Appearance of the Kidneys during the Secretion of Acid Urine. 

Rats injected with erythrolitmin were caused to secrete acid urine. 
The kidneys showed changes the opposite of those occurring when the 
urine had been rendered alkaline. 

The secretion of acid urine was brought about in rats by the administration of a 
10 per cent aqueous solution of sodium acid phosphate through a stomach tube. 
At the same time control animals were fed ordinary food and other rats were fed 
alkali for the experiment already described. Rats of like age and weight were 
chosen for the procedures. Half of those given sodium acid phosphate received 
two doses in a single day and 24 hours later the first of the injections of erythrolit- 
min. Either two or three injections of the dye were made, on alternate or suc- 
cessive days, and the examination of the kidneys was carried out 48 hours after 
the last injection. Throughout the period of preparation, 5 to 8 days in all, the 
feedings of sodium acid phosphate were continued; and the animals’ urine was 
regularly acid during the period. The other half of the rats were fed acid solution 
for the first time on the day after the last of several erythrolitmin injections, and 
again on the following morning. 6 hours later the kidney examination was 
made, at a time when acid urine was being formed. In both groups the findings 
were the same. 

In the gross the kidneys appeared reddish purple. Microscopically the sections 
appeared almost entirely a bright red in contrast to the spotty red and blue of the 
controls. The outer areas of the cortex were red, with only here and there tubules 
containing the dye in blue form. The tubules of the inner cortical area were all 
red, including the loops of Henle. But it was striking that even in these kidneys 
the glomeruli lay cupped in blue crescents just as in the controls, the endothelial 
lining cells containing erythrolitmin only in the blue form. Wherever a tubule 
could be found leading off from the tuft the cells near the glomerulus likewise 
contained blue granules. Text-fig. 3 shows diagrammatically the findings in these 
experiments. The cells of the first portions of the proximal convoluted tubules 
contained the dye in the blue form only, but the changes from blue to violet and 
then to red occurred close to the glomerulus, considerably nearer than in normal 
animals, and far nearer than in the kidneys of the rats fed alkali. Frequently the 
shift in color of the intracellular granules was seen to occur at a point nor more 
than 100 or 200 /i from the exit of the tubule from the tuft. In numerous in- 
stances the eye could trace the entire color sequence within a relatively short extent 
of tubule. Many individual cells in the region of color change where the granules 
were preponderantly violet contained both bright blue and brilliant red granules 
lying together in the cytoplasm. Distal to the region of change all of the intra- 
cellular granules were red. The few blue areas in the cortex could always be 
identified as segments of the proximal convoluted tubules from next the glomerulus. 
Cells containing dye in the blue form were never found further along. Brilliant 
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red areas vrere frequent that consisted of proximal convoluted tubules. No blue 
loops of Henle were seen; all were red. As in the other sections the collecting 
tubules were quite without color. 

To sum up the alteration in the reaction within the tubule cells, 
as evidenced by the litmus change to red, affected the proximal con- 
voluted tubules throughout almost their whole length and the entire 
loop of Henle. The structures mentioned now showed acidity instead 
of the alkalinity which is normal to them. 

Constancy of the Findings. 

The phenomena described occurred with but very little individual 
variation. Certain of them were constant. No matter what the 
reaction of the urine the granules of the cells lining the glomerulus and 
the adjoining portion of the proximal convoluted tubules were blue. 
And the intracellular granules of the further portion of the distal 
convoluted tubules were always red. Erythrolitmin was stored 
throughout the system from glomerular tuft to collecting tubule 
but not in either of these structures. In normal animals secreting 
a neutral or slightly acid urine the transition from red granules to 
blue, the zone that is to say where the granules are predominantly 
violet, is situated in the beginning of the ascending limb of the loop 
of Henle. 

The relative reaction of kidney cells and their changes under func- 
tional conditions were studied in some other species besides the rat. 
Alice, guinea pigs, and rabbits were given intraperitoneal injections of 
erythrolitmin in dosages similar to those used in the rat experiments, 
that is to say \ to ?, mg. of the dye per gm. of body weight. The 
secretion of acid and alkaline urines was induced in the way alreadv 
dcscribcd.by feedings of sodium add phosphate or sodium bicarbonate; 
and the state of the kidneys was compared with that of normal ani- 
mals injected with erythrolitmin. The findings were altogether simi- 
lar to those in the rat, so they need not be enlarged upon. 

Constancy of the Findings Following Massive Doses of Acid and Alkali. 

A ad Administration.— -A remarkable feature in the experiments just 
described was the regular occurrence of erythrolitmin in the blue form 
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within the cells lining the glomerulus and the adjoining portion of the 
proximal convoluted tubules, no matter what the reaction of the 
urine that was being secreted. Litmus segregated within healthy 
cells elsewhere throughout the body is regularly in the acid form, red 
that is to say. It was deemed worth while to test whether the blue of 
the glomerular litmus is changed to red by massive doses of acid. 

For the purpose, rats weighing from 99 to 168 gm. were given dilute HC1 by 
stomach tube in varying concentrations and amounts, as outlined in Table I. As 
a rule, several administrations of HC1 were employed at 24 hour intervals, or a 
single dose in higher concentration. The animals were kept in special cages for 
the collection of urine under oil. Fresh bladder urine unmixed with feces was 
obtained for pH estimation with indicators by holding a closed cone over the 
animal’s nose for a moment, thus inducing a struggle during which urine was 
voided. In all other respects the technique was that already described. 

Table I summarizes the result of this experiment. The animals receiving the 
smaller quantities of acid (Nos. 1 to 9, inclusive) continued to secrete urine. In 
the kidneys of these rats erythrolitmin, present in the lining cells of the glomerulus 
and epithelial cells of the first portion of the proximal convoluted tubules, was 
still always blue. In both of these regions it frequently appeared bluish purple, 
but never frankly red. The color change of the dye in the cells of the proximal 
convoluted tubules took place much closer to the glomeruli than in the earlier 
experiments, often less than the distance of one glomerular diameter away from 
the exit of the tubule from the tuft. 

Suppression of urine, usually preceded by hematuria, followed the large quan- 
tities of acid given to Animals 10 to 19 , inclusive (Table I). In contrast to the 
findings of the foregoing experiments, erythrolitmin appeared at times in the red 
form within the glomerular lining cells and those of the first portion of the proximal 
convoluted tubules. But only after urinary suppression could this be demon- 
strated. Whenever secretion continued (Rats 1 to 9 inclusive), the dye in the 
locations named remained either blue or a deep bluish purple. A comparison of 
the findings of Rats 7, 8, and 9 with those of 10 shows this point well, for all these 
animals received similar amounts of acid but with differing results. So, too, does a 
comparison of the findings of 3 with those of 11, 12, and 13. 

The effect of massive doses of acid may also be evoked by means of an “acid- 
forming” diet. Feedings of CaClj have been shown by Haldane, Hill, and Luck 
(28) to have the effect of administrations of HC1; for the calcium moiety is not 
retained, while the chlorine is. According to Gamble, Ross, and Tisdall (29), 

40 per cent of the chlorine given in this way behaves in the body like HC1. As 
Addis, MacKay, and MacKay have pointed out (30), a rat eating 10 gm. of diet 
containing 4 per cent of CaClj should receive the equivalent of 14.4 cc. N/10 HC1. 

We therefore maintained rats for 10 days on a diet of bread and milk to each 
100 gm. of which 4 to 6 gm. of CaClj were added. Eight of the animals were 
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injected with erythroli tmin on 2 alternate days and k i ll ed 48 hours after the last 
injection. The special diet -was continued to the end. Urine was secreted plenti- 
fully and of a pH usually well below 6.0. Upon examination of the kidneys the 
dye still appeared blue in the glomerular lin i ng cells and the first portion of the 
proximal convoluted tubules. 

Alkali Administration . — Massive doses of alkali were given to rats 
stained with erythrolitmin, to see whether in this way the color of 
the dye present in the lining cells of the final portions of the distal 
convoluted tubules could be influenced. Even after the feedings of 
sodium bicarbonate outlined earlier in this paper it had been con- 
stantly in the red form. 

Stained rats were given by stomach tube 4 cc. or 2 cc. of k/ 1 Na^CCh solution 
per 100 gm. of body weight. The larger doses led to rapid suppression of urine, 
the smaller often to a similar result after 48 hours. The urine when obtained 
was usually of a pH about 8.2, as determined by the indicators cresol red and 
thymol blue. Examinations of the kidney were made, in many instances, before 
this result had been attained, and in others afterwards. We were never at any 
time able to demonstrate the dye in the blue form within the lining cells of the 
final portion of the distal convoluted tubules where these were actually observed 
emptying into the collecting tubules. The dye was frequently of a reddish 
lavender but never frankly blue. In all other situations throughout the tubular 
epithelium, it was intensely blue. 

It is evident that massive doses of add fail to change from blue to 
red the erythrolitmin segregated in the cells lining the glomeruli and 
the first portion of the proximal convoluted tubules. As long as the 
kidney continues to secrete urine these cells maintain a relative 
alkalinity, despite the strong acidity of the urine. Only in the event 
of urinary suppression is there some slight shift in the direction of 
acidity. 

After massive doses of alkali, sufficient sometimes to cause urinary 
suppression, the erythrolitmin within the cdls lining the final portion 
of the distal convoluted tubules remains red. 

Results after Intravenous Injections. 

To complete our observations some intravenous injections of erv- 
tlirohtmin were made. The method has already been u<=ed by Stieg- 

ht.~. (7) who employed aaolitmin, neutral red, and sodium alizarin 
upon rabbits and dogs. 
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Rats of approximately 100 gm. weight were injected intravenously with 1 or 2 
cc. of a 1 per cent solution of erythrolitmin at a pH of approximately 7.0. The 
kidneys were extirpated and sectioned after intervals of 30 minutes, 1 hour, 2, 5, 
6, 10, and 18 hours. The animals tolerated the dye poorly and in many instances 
became moribund a few minutes after the injection. 

The findings were by no means as clear-cut as after intraperitoneal 
injection of the indicator since the kidneys never became well stained. 

Within a few seconds after intravenous injection of erythrolitmin the urine 
contained it in high concentration whereas the kidney tissue showed not the 
slightest traces. When half an hour had elapsed the glomeruli appeared faintly 
bluish regardless of the reaction of the urine. The color seemed to be due to the 
presence of the dye in the blood within the tufts. When 2 hours had elapsed some 
of the tubular epithelial cells of kidney sections showed a very faint diffuse blue 
tint. No definite coloration of intracellular granules could be made out, and the 
staining was so slight that it appeared merely as a blue haze over the cells. 6 
to 8 hours after an injection of the dye, colored granules could be found here and 
there in the tubule cells. Both red and blue granules were to be found, indis- 
criminately located. In this connection it may be recalled that litmus is often 
taken up by cells in fine blue particles and only secondarily converted to red (9) 
as further that when a cell containing segregated litmus is damaged or has begun 
to degenerate it turns from red through violet to blue (9). The coloration of the 
kidney cells was so poor, as compared with that obtained after intraperitoneal 
injections, that no conclusions as concern kidney function could be drawn from the 
instances mentioned. 

With a further increase to 24 or 48 hours in the time interval between the injec- 
tion of erythrolitmin and the examination of the kidney, the appearance of the 
organ came to resemble closely that following intraperitoneal injections. Nothing, 
then, had been gained by the intravenous administration of the indicator. 

We were unable to secure satisfactory staining of the rat's kidney 
after intravenous injections of azolitmin (Griibler), with our own 
preparation of azolitmin or with sodium alizarin VI, dyes with which 
Stieglitz (7) reported success in dogs. Exitus frequently occurred 
soon after injection of the dyes when given in quantities too small to 
stain the kidneys. 

It has been reported by Stieglitz that, after the intravenous injec- 
tion of azolitmin, sodium alizarin, and neutral red, the reaction of the 
kidney cortex is apparently the opposite of that of the urine secreted 
at the time. In view of our failure to confirm this finding with the 
aid of the dyes just mentioned it seemed necessary to repeat Stieg- 
litz's experiments with neutral red. 
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Solutions of neutral red in physiologic saline when given intravenously stained 
the kidney well in dogs and rabbits within a few minutes. The tubule cells took 
up the dye in both a diffuse and granular form and it appeared promptly in the 
urine. However, under these circumstances there was no marked differential 
staining, as with erythrolitmin. The kidney was always of an almost uniform 
hue, which hue depended largely, as will be shown, upon the dosage of the dye and 
the time interval between its injection and the exa mi nation of the organ. In 
passing it should be said that the yellow, alkaline form of neutral red can easily be 
confused with the natural yellowish color of thin sections of kidney tissue. 

Six dogs and 16 rabbits were induced to secrete alkaline or acid urine, as de- 
sired, through the oral administration of sodium bicarbonate or sodium arid 
phosphate, or by the intravenous injection of these substances. After the 
bladder urine obtained by catheterization had become definitely alkaline or add, 
intravenous injections of neutral red (Griibler) were given, in 1 per cent or 0.5 
per cent solution in physiological saline. Various doses were used and the kidney 
examined after various intervals of time. Specimen protocols follow: 

Normal dog, 8| kilos. 

10. 50 a.m. Ether anesthesia induced; the bladder urine is distinctly arid to 
brom cresol purple and neutral red. 10.52. Catheterization; urine specimen add 
as before; catheter bound in. 

10.55. 30 cc. of 1 per cent solution of neutral red ( Griibler ) in 0.0 per cent NaCl 
solution injected intravenously. The animal became rose red at once. 1 1 .01 . The 
dye appeared in the urine, in the red form. 11.25. The right kidney was removed 
through a posterior incision. In the gross it appeared deep red. In sections, cut 
with a Valentine knife and mounted between mica slides, the tubular epithelial 
cells were colored red, and many contained the dye in granular form. The general 
staining of the kidney, however, was slight. 

11.30. Intravenous injection of 5 per cent solution of sodium bicarbonate, 150 cc. 
11.33. The urine became orange. 11.40. The urine was clear and dark yellow; 
it turned red upon the addition of acid. 12.00 m. The left kidney was removed. 
In the gross the whole organ appeared yellowish. Sections, made with the 
Valentine knife and mounted as described above, appeared yellow. The tubular 
epithelial cells were stained diffusely yellow. 

In this experiment the kidney removed after the animal had begun to secrete 
alkaline urine appeared definitely more alkaline than the organ examined at a 
time when the urine was acid. 

In another experiment after an intravenous injection of 5 per cent sodium 
bicarbonate with consequent elimination of alkaline urine, a lamer intravenous 
injection of 1 per cent neutral red was given. 45 cc. to a 9 kilo dog. and the kidneys 
v.crc removed 12 minutes later instead of after half an hour, as in the experiment 
above. Microscopically the epithelium of the renal tubules appeared red al- 
though the urine secreted va* yellow, a finding the opposite of that'j-c* rfmerk cd 
but in agreement with the experiments of Siicglita (7). The test vac related on 
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another 9 kilo animal with the same dosage of dye but one of the kidneys was 
removed half an hour after an alkaline reaction of the urine had been established, 
instead of after the lapse of but 12 minutes as in the previous experiment. The 
second kidney was removed 30 minutes after an acid reaction of the urine had been 
established. With this greater interval of time between the injection of dye and 
the examination the color of the kidney cortex was found similar to that of the 
urine secreted. The protocol follows: 

Normal dog, 9 kilos. All urine specimens obtained by catheter. 

10.45. a.m. Ether anesthesia. 10.50. Urine clear and strongly acid to neutral 
red, erythrolitmin, and brom cresol purple. 

10.58. Intravenous injection of sodium bicarbonate, 5 per cent solution, 75 cc, 
11.08. Intravenous injection of neutral red, 1 per cent, 40 cc. 11.14 (6 minutes 
later). Urine appearing red from the catheter, — still acid. Intravenous injection 
of sodium bicarbonate repeated. 11.17. Urine bright orange, that is to say defi- 
nitely alkaline. 11.47. Urine has been alkaline for £ hour. Right kidney 
removed. Histological study made at once (see below). 

11.49. Intravenous injection of sodium acid phosphate solution, 5 per cent, 70 cc. 
11.51. Urine now reddish rose colored. 11.53. Injection of sodium acid phosphate 
repeated. 11.55. Urine bright rose red, strongly acid. 12.21 p.m. Urine has 
been acid for $ hour; left kidney removed. Histological study made at once. 
Animal killed with chloroform. 

The kidneys were removed, in each instance 30 minutes after the urine had been 
rendered acid or alkaline, respectively. When the animal was passing yellow 
alkaline urine the gross appearance of the kidney was a reddish yellow. Micro- 
scopically, sections mounted on mica slides and ringed with paraffin showed a 
moderate, diffuse, and granular staining of the cortex. The dye in the tubule cells 
was mostly in the yellow form, but some in the red. The predominating color, 
though, was yellow, like that of the urine. 

When acid urine was being secreted the kidney appeared bright red in the 
gross. Nearly all the dye in the epithelium of the tubules was present in the red 
form, with here and there a little yellow coloration. Again the predominating 
color of the cortex was like that of the urine. 

Such experiments were many times repeated, -with different doses 
of neutral red. The dye was given in the red form, but was brought 
close to the neutral point with sodium bicarbonate. It cannot be in- 
jected in the yellow form because of the resulting precipitation of the 
dye in alkaline reaction. In general, when large doses of the dye were 
given and examination of the kidney made shortly afterwards, the 
tubule cells contained much of it in the red form, regardless of the 
reaction of the urine. "When half an hour or more was allowed to 
elapse between the injection of the dye and examination of the kidney. 
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and when the dosage of dye was not too great, the majority of epithe- 
lial cells manifested the same color as did the urine. 

Similar experiments upon rabbits gave findings of like sort. "When 
large doses of neutral red were employed and the examination made 
soon thereafter, the kidney cortex, in general, appeared red, no matter 
what the reaction of the urine. Lengthening the interval between 
injections of the dye and examinations of the kidney gave time for the 
organ to convert most of it in the tissues to the form in which it ap- 
peared in the urine. 

The protocol which follows contains the findings in four rabbits, 
and shows vrell the influence of dosage, and time interval, upon the 
coloration of the kidney cells with neutral red. 


The treatment of the animals may he tabulated as follows: 


Rabbit 

a 

b 

C 

d 

Vi eight 

650 gm. 

655 ca 

647 gm 

653 gm. 

Intravenous injection of 5 per cent sodium 
bicarbonate . . . 

8 cc. 

8 cc. 

8 cc. 

8 cc. 

5 min later. 

Intravenous injection of 1 per cent neutral red 

12 cc. 

2 cc. 

12 cc. 

2 cc. 

Kidney examination 

5 min. 
later 

5 min. 
later 

90 min. 
later 

90 min. 
later 


After the bicarbonate injection the urine of all the animals was strongly alkaline 
and contained much dye in the yellow form. 

Rabb>l a — In the gross the kidney appeared dark red. Section show ed the 
tubule cells containing much red dye, in granular as well as diffuse form. The 
cortex was predominately red. 

Rabbit b —The 1 idney appeared red in the gross, but lighter in color than that 
of Rabbit a Sections w ere > cllov i<h red The tubule cells contained d> e in red 
granules. 1 he general appearance of the 1 idnev of a was more add than that of 
b. n/ 50 IICI run under the co% cr-glasscs turned the sections as a whole a deeper 
red, showing tint 'oaic of the d\c was present in the vcliow form. 1 

Ral b t e T1 c 1 idncv appeared a mottled reddish yellow. The actions were 
red in general and deeply sfdncd Many tubule cells held the dvcin red granular 
form, x lule m other tubules the cells contained %ello,-. granule'- The glomeruli 
appeared - d t.ret sellov crescents The unne was a deep xdlow The 
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bladder, however, contained yellow urine with clot-like masses of dye in the red 
form. When the contents were mixed the prevailing hue was yellow. 

Rabhil d . — In the gross the kidney appeared yellow. Sections were also yellow. 
There was more dye present in the tubule cells than in those of Rabbit b which 
received the same dose of the indicator, and less than in Rabbits a and c. Prac- 
tically all of it was present in the alkaline form. 

From the results of these and other like experiments certain facts 
became plain. When the dose of neutral red was small tire tubular 
epithelium of tire kidney usually appeared of the same color as the 
urine secreted, though in a few instances it had the opposite color. 
When the dose was large enough to stain the tissue well much of the 
indicator within the cells manifested the color it had when injected, 
regardless of the reaction of the urine. When the time interval be- 
tween the injection and the examination of the kidney was short, that 
is to say half an hour or less, the cells might or might not have the 
same color as the urine. If the time interval was lengthened, the 
color of the majority of the kidney cells was that of the urine being 
secreted. Apparently the lengthening of the interval between tire 
intravenous injection of a large amount of dye and the histological 
examination gave time for its conversion in the stained tissues to the 
form in which it appeared in the urine. If the time interval after 
injection was short, it seemed largely a matter of chance how the 
kidney was stained owing to the great concentration and overwhelming 
amount of material suddenly brought to it. 

Altogether it is obvious that the results of the intravenous method of 
administration of indicator dyes for renal staining are untrustworthy, 
unless examination of the organ can be postponed until the cells can 
deal with the material coming so suddenly to them. In practice many 
indicator dyes are toxic, when administered in this way, and the ani- 
mals frequently die before sufficient time for a proper staining of the 
tissues has elapsed. 


DISCUSSION. 

Erythrolitmin is far from being a perfect indicator (24). In view 
of this fact how much is one justified in inferring from the present 
work? The color of most indicators varies with their concentration 
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and erythrolitmin is no exception to the rule. There is then a definite, 
though slight, increase in the red in higher concentrations; and since 
erythrolitmin would appear to be often very highly concentrated when 
segregated within the kidney tubule cells, the possibility of an inter- 
pretative error from this source may be great. The dye is subject to 
large salt and protein errors as well, but these influence it in the oppo- 
site direction. Erythroli tmin in the presence of salt or protein at a 
given pH appears more blue than in solutions at the same pH without 
these ingredients (24). 

Granting these facts erythrolitmin still has notable virtues as an 
indicator of tissue conditions. It persists within the tissues for months, 
eliciting no evident reaction and retaining its indicator characteristics. 
This is true of the dye segregated within renal epithelium. "When a 
section of the stained kidney is placed in a buffer solution all the stained 
granules take the same color, namely one approximating that which 
would be expected of erythrolitmin at the pH of the buffer. In un- 
treated specimens immediately after removal from the body many 
granules containing the dye in highly concentrated form are a deep 
blue. Since the optical error upon concentration is toward the red, it 
is evident that this factor plays no decisive part in the color. 

Can the findings of the experiments outlined in the present paper 
be due to supravital changes? The constancy of the results under a 
given set of conditions and the equal constancy" of the induced varia- 
tions would seem to put this possibility out of the question. One 
might suppose that the knife in sweeping from cortex to medulla and 
carrying with it a mixture of blood, lymph, glomerular filtrate, and 
more or less completed urine would bring about an alteration in the 
granules of the cells with which it came in contact. So it must in those 
cells that are injured. Such an effect will not explain, however, the 
orderly arrangement of red and blue granules everywhere in the 
unexposed cells. These cells show no change in the litmus coloration 
for many minutes after removal from the body. The kidneys can be 
removed from living animals, sectioned, and observed, within 45 
seconds to 1 minute. Renal cells can scarcely be regarded as dead in 
so short a time, much longer interruptions of the circulation beinc 
withstood t3l). 
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Can one suppose the variations in the reaction of the granules in the 
living cells of the renal tubules to be a mere passive reflection of the 
reaction of the fluid passing along the tubules? Such a view is in- 
compatible with what is known of cell integrity. Litmus segregated 
in granular form by phagocytes does not take the color appropriate to 
the hydrogen ion concentration of the fluid surrounding these cells 
unless they are crushed or otherwise injured (9). 

All things considered, one is forced to the conclusion that the color 
patterns seen in kidneys stained with erythrolitmin are the expression 
of functional activities. But how these activities exert their influence 
on the reaction of intracellular granules is a problem of great com- 
plexity. 

The fact has already been emphasized that the granules within the 
epithelium of the glomerulus and the adjoining portion of the con- 
voluted tubules are regularly blue, no matter what the reaction of the 
urine. Were it not for the cell integrity just mentioned the finding 
might seem explicable on the basis that the renal filtrate as derived 
from the blood and bathing these cells is ordinarily alkaline. Every- 
where else though throughout the body litmus-containing elements are 
bathed by alkaline fluids yet the color of the indicator ■within them is 
red, indicative of acidity. Why should there be this peculiar exception 
in the case of this region of the kidney? And what is one to think of 
the shifting in the renal color pattern that can be brought about by 
administering substances to the animal which cause the reaction of the 
urine to shift to the alkaline or acid side. The tubule cells adjoining 
Henle’s loop constitute, as it were, a transitional zone of color change. 
In them, erythrolitmin granules are volet, under normal circumstances, 
or sometimes red and blue in the same cell. During the secretion of 
acid urine the cells of this region contain the dye in the red form. 
One might suppose the red of the granules in this region to be of no 
greater significance than that met elsewhere in the body were it not for 
the fact that the red can be altered to blue by altering the functional 
conditions, as during the secretion of alkaline urine. One can only 
suppose these phenomena to be an indirect expression of functional 
activities on the part of the renal cells — cells through which material 
is passing into or perhaps out of the blood. Only in the case of the 
lining of the distal convoluted tubules where these join the collecting 
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system is another explanation possible. Through thick and thin, so to 
speak, the litmus within such cells remains in the red form, the form 
in which it is encountered in health}’-, non-secreting cells elsewhere in 
the body. Here there would seem to be no reason to invoke a func- 
tional passage of material through the cytoplasm in order to explain 
the findings. Since the reaction within these cells cannot be rendered 
alkaline by any of the experimental means as yet attempted, it is 
conceivable that it is held fixed, as is certainly not the case higher up. 
Yet since these cells differ in no wise morphologically from those 
immediately adjacent to them in the same tubule, and do differ sharply 
from the elements of the collecting tubules upon which they abut, it 
seems more likely that they are protected by a fortunate situation 
from those functional stresses which in our experiments led to a change 
in the reaction of the granules further up. 

Granted that the renal color pattern and its changes are the expres- 
sion of functional activities, what is the nature of these latter? Do 
the cells lining the tubules resorb fluid only, or secrete materials 
into the tubular lumen as well? Unfortunately the findings here 
described would appear to admit of both possibilities. One can say 
at the moment only that the reaction within the cells of the renal 
tubules varies from region to region in a way which shows it to be 
intimately connected with the secretory activities of the organ. In 
some regions it is profoundly altered by changes in these activities. 

Stieglitz’ (7) conclusion that the reaction of the kidney cortex is the 
reverse of that of the urine being secreted at the time is based on obser- 
vations of the cortex color following intravenous injections of indica- 
tors. Our repetition of some of his experiments has shown that the 
color of the kidney cortex shortly after such injections is influenced 
chiefly by factors not considered by Stieglitz, namely the dosage of the 
dye and the variations in the time interval between its injection and 
the examination of the organ. Large amounts of indicator dye coming 
suddenh to the kidney from the blood may be found, a few minutes 
later, unchanged in color within the cortex cells regardless of the reac- 
tion of the urine. The kidney overwhelmed, so to speak, with dye 
requires an appreciable time to act upon all the indicator substance 
present. A heavy dose of neutral red, in the acid form, injected intra- 
venously into animals secreting alkaline urine, will appear in the 



818 


RELATIVE REACTION WITHIN LIVING TISSUES. XI 


kidney cortex a few minutes later still in its red, acid form, indicating 
a reaction the reverse of that of the urine being secreted at the tim e. 
Later the dye in the cortex will be in the yellow, alkaline form. Small 
doses of neutral red intravenously injected in the acid form into ani- 
mals secreting alkaline urine are of course converted to the alkaline 
form in the kidney sooner than are large doses. When acid urine is 
being secreted, neutral red injected in the acid form remains unchanged 
regardless of the dosage given. 

Such findings clearly show how the employment of indicators by 
intravenous injection may lead to erroneous conclusions concerning the 
relation between the reaction of the kidney cortex and that of the 
urine secreted. They show further that the examination should be 
postponed until the cortex cells have had ample time to deal with the 
dye coming to them. Under these conditions one finds the reaction of 
the kidney cortex to be, by and large, the same as that of the urine 
under secretion. 


SUMMARY. 

The tubules of the mammalian kidney, vitally stained with erythro- 
litmin, show a significant color pattern, the cells of certain regions 
appearing bright blue and others brilliant red. The dye is segregated 
within the cytoplasm, staining fine granules diffusely. 

Under normal circumstances of renal function erytlirolitmin is 
stored in the lining cells of the glomerulus and the epithelial cells of 
the proximal convoluted tubules in the blue, alkaline form. In the 
cells of the final portion of the distal convoluted tubules the dye is 
red. Between these regions a narrow transitional zone can be found, 
at times above, at times below the loop of Henle, in which the 
erythrolitmin-stained granules in the tubule cells are violet, or red 
and blue within the same cell. 

Alterations in the relative reaction of certain regions of the tubules, 
as disclosed by the color of the dye within the cells, can be induced by 
means that alter the reaction of the urine. When acid urine is being 
secreted there is a change from relative alkalinity to acidity high up in 
the tubular canal, in the proximal convoluted tubules. During the 
secretion of markedly alkaline urine the intracellular granules appear 
blue most of the w r ay down the tubular canal, even to the first portion 
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of the distal convoluted tubules. When the urine is neutral the cells 
above the descending limb of the loop of Henle are alkaline to erythro- 
litmin, and those below this point appear acid. 

The granules within the endothelial cells of the glomerulus and the 
epithelial cells of the first portion of the pro xim al convoluted tubules 
are always alkaline to erythrolitmin; while those within the cells of the 
final portion of the distal convoluted tubules are always acid regardless 
of the reaction of the urine. Only after complete suppression of urine 
as result of massive doses of acid do granules of the sort first mentioned 
manifest the color indicative of acidity. 

The interpretation of the findings waits upon further work. 
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ETIOLOGY OF OROYA FEVER. 


XII. Influence or Malarial Infection (Plasmodium Into?), 
Splenectomy, or Both, upon Experimental 
Carrion’s Disease in Monkeys. 

By HTDEYO NOGUCHI, MD. 
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(Received for publication, January 6, 1928.) 

- Mixed infections with Bartonella bacilliformis and plasmodia are 
not uncommon in regions where both malaria and Carrion’s disease 
(verruga peruana, Oroya fever) are endemic. Both parasites induce 
swelling of the spleen, and both invade the red blood cells. It is 
conceivable that the preexistence of malaria might have an unfavor- 
able influence upon a subsequent infection with Bartonella bacilliformis, 
as a result of impairment of the defensive powers of spleen and blood 
by the plasmodia, or that the introduction of plasmodia during the 
course of a dormant or partially controlled verruga infection might 
result in renewed invasion of the blood and lymphatic system by 
Bartonella bacilliformis. The abrupt development of malignant Oroya 
fever in the course of apparently benign verruga would be explicable on 
this latter hypothesis. 

The opportunity to obtain definite experimental data on the effect 
of malaria infection on the course of experimental verruga presented 
itself when malaria parasites were found in the blood of a monkey 
(Macacus cynomolgus ) which had been splenectomized in connection 
with an experiment to determine what influence the operation would 
have upon the susceptibility of monkeys to Bartonella bacilliformis. 

Protocol I.— Macacus cyr.onolgus 1-M, splenectomized on Dec. I, 1926, to sene 
as control for .11. cynonolgcs 2-S, which was splenectomized the same day and 
inoculated with liartor.rlia 1-aciUifcnv.is. Examination of the blood of Monkey 
1-M v.-as made daily in order that the appearance of any Partcr.c’la-WVe intracor- 
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puscular elements (such as appear in splenectomized rats 1 ) might be detected. 
These elements were not found, but the examinations revealed plasmodia 2 on 
Dec. 6, 9, 10, 11, and 16, 1926, and the parasites were still present at the time of 
death on Mar. 10, 1927. No fever was detected in this animal at any time. The 
monkey had shown no signs of illness during several months of captivity previous 
to the operation. It would appear that it was a chronic malarial parasite carrier, 
a condition already established for man. Death may have been due to aggrava- 
tion of the malarial infection through splenectomy. 

Preexisting or Concomitant M alarial Infection and Verruga. 

A Macacus rhesus intravenously inoculated with the blood of 
Macacus cynomolgus 1-M on December 10 soon developed fever, and 
the malarial parasites were found in the blood. One month later 
verruga material was intradermally inoculated. In due course the 
cutaneous lesions appeared and attained moderate size. Blood taken 
on February 3, 1927, yielded cultures of Bartonella bacilliformis , but 
no severe form of blood invasion and anemia developed. The animal 
recovered from both infections within a few weeks. 

Protocol 2. — Macacus rhesus 2-M, inoculated intravenously with 0.5 cc. of the 
blood of Monkey 1-M on the day when plasmodia were first noticed (Dec. 10, 
1926). The febrile reaction began on Dec. 15, that is, 5 days after inoculation, and 
continued daily for 9 successive days, being high (105-106.2°!".) for 5 days and 
moderate (104.2-104.6°) for 4 days longer. The plasmodia were present on Dec. 
16. The temperature was normal (about 102°) from Dec. 26 to Jan. 3 but rose to 
104.6° on Jan. 4, 1927, and to 106° on Jan. 5. Plasmodia were found in the blood 
on Jan. 3. After Jan. 5 there was no more fever. On Jan. 10, 1927, cultures of 
Bartonella bacilliformis and a saline suspension of the nodule of M. rhesus 73 were 
intradermally inoculated. The signs of verruga were already evident on Jan. 
19, and by Feb. 3 the nodules were of moderate she, and the blood had a culture 
titer of 1:100. The animal had no further paroxysm of malaria and recovered 
from both infections within a few weeks. 

Another monkey was inoculated simultaneously with malaria and 
verruga material. 

Protocol 3. — Macacus rhesus 3-M was inoculated on the same day as M. rhesus 
2-M with 0.5 cc. of blood containing plasmodia and in addition received, both 

1 Mayer, M., Arch. Schijfs- u. Tropcnhyg., 1921, xxv, 150. Mayer, M., 
Borchardt, W., and Kikuth, W., Klin. Woch., 1926, v, 559; Arch. Schijfs.- u. 
Tropenhyg., 1927, xxxi, 295. Noguchi, II., J. Exp. Med., 192S, xlvii, 235. 

* The parasite would appear to be Plasmodium inui (YVcnyon, C. M., Proto- 
zoology, New York, 1926, ii, 96S-973). 
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intravenously and intradermally, cultures of Bartonella baciUifcrmis and a suspen- 
sion of verruga tissue. The animal’s blood showed plasmodia on Dec. 16, 1926, 
3 days before the onset of fever. The first paroxysm lasted 3 days (temperature 
104.6°, 106.2°, 106.2°). The second rise of temperature (to 105.4°) was first de- 
tected on Dec. 27, temperatures not being taken daily during the Christmas holi- 
days, and fever was still present on Dec. 28 (104°). Plasmodia were present in 
the blood on Jan. 3, and there was fever on Jan. 4, 5, and 6 (104°, 105.8°, 104°). 
Verruga nodules arose at the sites of intravenous inoculation into the saphenous 
veins (where several unsuccessful punctures had been made in the course of intra- 
venous injection) , but none at the sites of intradermal injections on the abdomen. 
Blood cultures made on Dec. 21, 1926, failed to yield cultures of Bariondla bacilli- 
Jormis. The temperature of 106.2°F., recorded on that day, may have been due 
either to malaria or to verruga. A second injection of virulent verruga material 
intradermally on Jan. 10, 1927, resulted in only sb'ght induration at the sites of 
inoculation, but the nodules on the back of the legs reached moderate size, and 
marked edema of the scrotum developed. The animal recovered. 

The experiments outlined gave no evidence that the malarial infec- 
tion in Macacus rhesus influenced unfavorably the result of infection 
with Bariondla bacillifonnis when the plasmodia were introduced a 
month previous to inoculation with verruga or when both parasites 
were simultaneously inoculated. 

Malarial Infection during Convalescence from Verruga. 

The lesions resulting from experimental infection with Bariondla 
bacilliformis in monkeys usually heal within a few months, the micro- 
organisms persisting longest in the spleen and lymph glands, where 
they can be demonstrated late in convalescence. It was of interest to 
determine whether, at this stage, the infection would again become 
active as a result of introduction of plasmodia. 

As the protocols show, the inoculation of malaria parasites during 
convalescence had no influence whatever upon the course of recovery. 
In one instance the animal was reinoculated with virulent verruga 
material a month after the introduction of the plasmodia, but reinfec- 
tion was not induced. The malarial infection apparently had not 
interfered with the development of immunity. 

Prchcct •?. Macacus rhesus -1-M had had an infection with Bariondla lac-lli - 
/erras during the autumn, but the skin lesions had almost healed. It was inocu- 
lated with 0.5 cc. of the malarial blood intravenously on Dec. 10, 1926. There 
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was fever lasting for 6 days, Dec. 22 to 27, 1926 (temperatures varying from 104.4° 
to 105°), and the blood was positive for plasmodia on Jan. 3, 1927. Blood culture 
was negative for Bartonella bacilliformis on Dec. 21, 1926, and the skin lesions had 
disappeared. 

Macacus rhesus 5-M , also recovering from verruga, was inoculated with 0.5 
cc. of malarial blood at the same time as the foregoing animal. Fever began on 
Dec. 16, 1926, and lasted 5 days (temperatures 104°-106.S°). Plasmodia were 
present on Dec. 16, 1926, and on Jan. 3, 1927. On Dec. 28, 1926, the temperature 
rose to 104.4° but fell to 103.6° the next day, and there were no later paroxysms. 
On Jan. 8, 1927, verruga material was inoculated intradermally. No skin lesions 
appeared at the old sites, and none developed at the sites of the new inoculations, 
and the blood remained negative for Bartonella bacilliformis by culture. Observa- 
tion ended Jan. 29, 1927. 

Effect of Splenectomy upon Verruga Peruana. 

In connection with the problem of the nature of the intracorpuscu- 
lar bodies known as Bartonella inurisf which appear in the red cells 
of rats following splenectomy, it became of interest to determine what 
effect splenectomy would have upon the course of experimental infec- 
tion with Bartonella bacilliformis. 

A monkey splenectomized on November 12, 1926, and inoculated 
soon afterwards with verruga material, developed the severe type of 
Carrion’s disease (Oroya fever), with marked anemia, extensive 
edema, emaciation, and skin lesions. Even more violent reactions 
than the one in this animal ( Macacus rhesus J-S) are occasionally 
observed in rhesus monkeys as a result of inoculation with Bartonella 
bacilliformis, z >* and hence the severity of the infection in this instance 
cannot be ascribed to the effect of splenectomy. Moreover, M. 
cynomolgus 2-S, which was subjected to splenectomy and simultane- 
ously inoculated with nodular material from Monkey 1-S, showed a 
moderate reaction only. Although the blood titer was high 
(1:100,000), there were no other evidences of systemic infection, and 
the nodules were of medium size. The control monkey in this instance 
(M. cynomolgus 5-T) reacted more severely than the splenectomized 
animal, although the blood titer was only 1:10, as was that of a 
rhesus control. 

5 Noguchi, H., /. Exp. Med., 1927, xlv, 175. 

* Noguchi, H., J. Exp. Med., 1926, xliv, 697. 
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Protocol 5. — Macacus rhesus 1-S, splenectomized Nov. 12, 1926, was inoculated 
3 days later intravenously with 1 cc. of culture of Bartonella bacilliformis and 1 
cc. of saline suspension of nodular tissue from Macacus rhesus 2-T? The same 
material was injected intradermally. A temperature of 104° to 104.6°F. was 
recorded on Nov. 11, 24, Dec. 10, 20, and 21, and on Jan. 15, 1927. Except on 
these 6 days the animal was afebrile. Blood cultures were positive on Nov. 24 
(1 :10,000), Dec. 8 (1 :100,000), and Dec. 28 (1:100). The organisms were suffi- 
ciently numerous in the blood on Dec. 3 to be detected by examination of stained 
films. The nodules developed to moderately large size and persisted for about 2 
months. From Dec. 11, 1926, to Jan. 3, 1927, there was general edema, especially 
marked in the scrotum, and a generalized nodular eruption. 

Blood Counts. 


R-B.C. Hentoglobm (Sail!) 

f-crcer.t 

Nov. 12 5,436,000 90 

Nov. 24 4,424,000 80 

Dec. 27 3,080,000 50 


The animal bad completely recovered by Feb. 7, 1927. 

M. cynomolgus 2-S, splenectomized Dec. 1, 1926, and inoculated intradermally 
with a culture of Bartonella bacilliformis and a saline suspension of nodular tissue 
from M. rhesus 1-S. Nodules of moderate size had developed by Jan. 14, 1927. 
Blood taken on Jan. 6, 1927, yielded cultures of Bartonella badllijormis in a dilu- 
tion of 1 : 100,000. The nodules had disappeared by Feb. 9, 1927. 

M. cynomolgus 5-T* was inoculated in the same way and with the same material 
as the foregoing animal but was not splenectomized. There was no fever at any 
time, but enormous cherry-red nodules developed on the eyebrows and abdominal 
wall, reaching their maximum growth on Dec. 27, 1926. The blood titer was 1:10 
on Jan. 6, 1927, but blood culture was negative on Jan. 24. 

Splenectomy did not induce relapse of experimental verruga infec- 
tion in two animals which had recovered (.If. rhesus 40 and 4P), nor did 
removal of the spleen render recovered animals susceptible to reinocu- 
lation with Bartonella bacilliformis (.If. rhesus 49, 50, 68). Observa- 
tion continued for a period of 1 month after inoculation of Bartonella 
bacilliformis into these animals failed to reveal any skin lesions and 
blood cultures were uniformly negative throughout this period. 

Rffccl of Splenectomy and Malarial Infection Together upon Verruga 

Peruana. 

Two animals were subjected to splcnectomv as well as to infection 
with plasmodia and Bartonella bacilliformis. One succumbed to the 

* Noguchi, H.. J. Exp. Med., in press. 



826 


ETIOLOGY OE OROYA FEVER. XII 


malarial infection before the verruga lesions had had rime to develop; 
the other had a moderately severe infection with Bartonella bacilli- 
formis and while recovering died of tuberculosis. 

Protocol 6. — Macacus rhesus 6-M was splenectomized and at the same time 
inoculated with 0.5 cc. of malarial blood on Dec. 10, 1926. The plasmodia were 
found in the blood on Dec. 16, and 4 days later the temperature rose and remained 
high for 3 successive days (104.2-106°). The second paroxysm began on Dec. 
29, 1926, and lasted for 8 days (temperatures 104-106.6°). The plasmodia were 
very numerous on Jan. 3. The animal was inoculated with verruga material on 
Jan. 8, 1927, but succumbed to the malarial infection on Jan. 14, 1927, before the 
verruga lesions had had time to develop. Bartonella bacilliformis was not re- 
covered in blood cultures. 

Macacus rhesus 7-M was splenectomized on Dec. 10, 1926, and at the same time 
inoculated with 0.5 cc. of malarial blood and 0.5 cc. of verruga cultures and tissue, 
the latter intradermally as well as intravenously. The first paroxysm occurred on 
Dec. 20 and lasted 4 days (temperatures 104.2-106°), the second, beginning Jan. 
3, lasted 5 days (temperatures 104.6-106.4°). Examinations for plasmodia were 
positive on Dec. 16, 1926 (+), and on Jan. 3, 1927 (+ + +). Blood taken on 
Dec. 21, 1926, yielded cultures of Bartonella bacilliformis in a dilution of 1 : 10,000. 
The animal died of tuberculosis on Jan. 10, 1927. 

SUMMARY. 

The experiments reported were designed to determine the influence 
of malarial infection {Plasmodium iitui?), splenectomy, or both com- 
bined, upon the course and character of experimental infection with 
Bartonella bacilliformis in monkeys {Macacus rhesus and M. 
cynomolgus). 

Blood withdrawn from a monkey showing spontaneous malarial 
infection was inoculated intravenously into monkeys {a) 1 month 
prior to inoculation with virulent verruga material, ( b ) simultaneously 
with the verruga material, and (c) during convalescence from verruga 
infection of moderate severity. All the monkeys contracted the 
malarial infection and suffered one to three paroxysms during a period 
of about a month. The verruga lesions appeared in the inoculated 
animals in due course, were of average size, remained for the usual 
length of time, and Bartonella bacilliformis was recovered in culture 
from blood which also contained the plasmodia. The lesions in the 
convalescent animals continued to heal at the normal rate, and blood 
cultures w T ere negative for Barlonclla bacilliformis, as is usual during 
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convalescence. One of the recovering, animals was reinoculated with 
virulent verruga material a month after the injection of the malarial 
blood, but neither did new lesions arise nor old ones recur. The 
malarial infection, therefore, had no effect upon the course of verruga 
or upon the establishment of immunity to Bartonella lacilliformis, 
hence it would appear that malaria and verruga may coexist in the 
same individual without unfavorable effect of one disease upon the 
course of the other. 

Similarly, splenectomy led to no appreciable aggravation of Bar- 
tonella infection. One monkey subjected to splenectomy and inocu- 
lated with verruga material shortly afterwards had an unusually 
severe reaction, but another, which was infected with material from 
the first and simultaneously splenectomized, reacted only moderately, 
while the non-splenectomized control showed a severer type of cutane- 
ous infection. Even the combination of splenectomy and malarial 
infection did not appreciably aggravate the experimental verruga. 
Neither relapse of verruga nor reinfection with Bartonella bacilliformis 
was induced in convalescent or recovered monkeys as a result of 
splenectomy. 
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EXPERIMENTS ON THE VISIBILITY OF THE POLYHEDRAL 

VIRUSES. 


By R. W. GLASER asd E. V. COWDRY. 

(From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton , N. J ., and the Laboratories of The Rockefeller 
Institute for Medical Research, Neso York.) 

(Received lor publication, February 11, 1928.) 

In recent years the conception of the existence of filterable viruses 
as excitants of disease has been considerably extended . 1 * * * It is now 
generally recognized that these agents, whatever they may be, oper- 
ate in plants and insects as well as in the higher animals and man. 
But they are very elusive and it is questionable whether they may be 
seen microscopically; some of them most probably not. We have 
concentrated on this question of visibility with what we believe to 
be unusually favorable material, namely, the polyhedral viruses of 
insects, and in particular those which produce a “wilt disease” of 
gypsy larvae and “grasserie” of silkworms. It has been claimed that 
these diseases are caused by a chlamydozoan -- 1 and by a Borrellinaf 
Previous work by one of us revealed no organisms of etiological signifi- 
cance in either . 5 - 6 We wish now to report briefly our comparison of 
diseased and normal blood made because the viruses are present in 
the former and absent in the latter. 


Technique. 

We employed many methods of fixation and staining and tried to 
devise new ones without finding a technique more satisfactory than 

1 Rivers, T. M., J. Bacl., 1927, xiv, 217. 

5 Wolff, M., Mitt. Kaiser Wilhelm Inst. LarAcs. Bromberg, 1910, iff, 69. 

J von Prowazek, S ,,Ccntr.Bakl.,l. Alt., Orig., 1912, Lrvii, 26S. 

6 Paillot, A., Ann. Inst. Pasteur, 1926, xl, 314. 

5 Glaser, R. W., J. Agric. Research, 1915, iv, 101. 

* Glaser, R. W., Ann. Er.tomol. Soc. America, 1927, xx, 319. 

S29 
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that of Giemsa. Various methods of vital staining were attempted 
but shed no light on the problem. Our optical equipment consisted 
of one of the latest Zeiss microscopes with lens combinations giving 
magnifications of from 900 to 2,400 diameters. In the examination 
of fresh preparations with different types of condensers a strong arc 
light was found indispensable. The condensers most frequently used 
were the paraboloid condenser which shows the reflections of colloidal 
particles down to 100 mu in diameter, and the cardioid condenser 
(also called the cardioid ultramicroscope) which reveals the reflections 
of particles down to 50 m/r. The ultramicroscope of Siedentopf and 
Zsigmondy by which one may detect reflections of particles as small 
as 10-15 mju was also employed. 7 

Qualitative Comparisons. 

A representative protocol follows. 

Blood from early cases of gipsy moth wilt and blood from early cases of silkworm 
grasserie were separately collected under sterile conditions. The blood from each 
insect was divided into two portions. With one of these from each diseased gipsy 
larva, five healthy gipsy lame were inoculated; and with one from each diseased 
silkworm, five healthy silkworms were likewise injected. The healtlw gipsy 
lame were collected from a lightly infested tract of woods and examined for the 
presence or absence of polyhedral bodies according to the well known blood 
method. Only those larva: entirely free from polyhedra were used. The silkworms 
which we employed had been reared in the laboratory, and since the entire stock 
was free from grasserie, no further precaution was necessary. All the inoculated 
insects subsequently died of either wait or grasserie within the expected time, 
showing that the blood contained the infectious agent. Controls, inoculated 
with blood inactivated by heat, survived. The other portion of the infectious 
blood from each animal was studied immediately after being drawn in both the 
fresh and the fixed and stained condition. 

The methods of Romanowsky, of Wright, and especially of Giemsa 
very often brought to light, in exceedingly thin films of the diseased 
blood, minute single or double coccoidal bodies qolored pale pink or 
blue. These bodies could be best seen with a 1.5 mm. apochromatic 

7 International Critical Tables, New York, 1926, i, n = ^ mm.; mp = 

1 

1,000,000 mm> 
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objective, and a 10 or 20 ocular. Beside these little stained particles 
nothing else was visible except blood cells, unstained polyhedra, and 
some debris. But when normal blood was prepared and studied in 
an identical manner the same type of stained particles was observed. 
Examination with the paraboloid or cardioid condensers of fixed and 
stained normal and diseased blood showed many minute particles of 
various sizes not revealed by ordinary illumination. These were not 
dye particles, because Giemsa’s fluid is not colloidal and the formation 
of precipitates was avoided. With fresh material no evidence of 
independent motility of the particles was ever observed when care 
was taken to exclude air currents from the preparations, and when 
vibrations were reduced to a minimum. As the diseases progressed, 
and the tissues commenced to disintegrate, the particles in the blood 
increased numerically. Up to a certain point the condition then 
obtaining could be imitated in normal blood by permitting it to stand 
for a few days until the cells disintegrated and liberated much particu- 
late matter. Heavily diseased blood, tissues, and dead larva were, 
however, useless for finer microscopic study, owing to the rapid final 
lysis of all the tissues with the discharge of protein particles, fat 
globules, pigment granules, urates, and various other substances. 

From such comparisons made between normal fresh blood and 
infectious fresh blood, and between normal stained blood and infec- 
tious stained blood, we have come to the conclusion that no observ- 
able qualitative distinction exists between the various particles found 
in the normal and in the diseased condition in either wilt disease or 
grasserie, and further that none of these particles resemble minute 
cells or organisms. 


Quantitative Comparisons. 

If some of the particles within the diseased insects are ctiologically 
important, they should numerically outrank similar particles found 
within the normal individuals, and for this reason we attempted to 
secure quantitative data. That such may be of value is indicated by 
the fact that, in most bacterial and other infections of insects, the 
living causative agents are usually very numerous. This is probably 
due to the open form of circulation. Paillot 5 points out that diseases 
* raillot, A., Ann. Epiphytic s, 1922, viii, 205. 
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in insects caused by a limited number of microorganisms, which pro- 
duce injury through soluble toxins, are as yet unknown. Many 
counts were accordingly made of small microscopic and ultramicro- 
scopic particles in normal blood and in blood from earl}’- cases of grass- 
erie. We present a protocol of one experiment out of twelve. 

TABLE i. 

Counts of Particles in Silkworm Blood Made with the Aid of a Cardioid Condenser. 

The blood from three normal and three grasserie-infected silkworms was used. 
Two preparations were made from each worm and the particles in ten fields of 
every specimen were enumerated. Lens combination: 1.5 mm. objective, and 
10 ocular. 


Worm 

Prcpa- | 
ration 

1 

2 

3 

n 

s 

n 

n 

8 

9 

10 

Grasserie blood. 


i 

165 

154 

S3 


115 

43 

195 

29 

42 

58 

A 

2 

10 

22 

35 


28 

45 






1 

24 

67 

68 

76 

55 

74 

22 

26 

52 

32 

B 

2 

8 

6 

9 

11 

S 

2 


11 

4 

7 


1 

33 

40 

22 

13 

21 

36 


20 

75 

21 

C 

2 

18 

26 

30 

43 

40 

35 


9 

42 

48 


Normal blood. 


A’ 

i 

160 | 

45 

39 

55 

53 | 

22 

S9 

41 

27 

46 

2 

80 

51 

110 

60 

35 

75 

70 

19 

44 

38 


1 

8 

30 

50 

20 

25 

30 

15 

53 

88 

24 

B 

2 

14 

7 

25 

3S 

37 

2 

45 

40 

8 

56 


1 

26 


52 

19 

30 

63 

21 

47 

17 

35 

C 1 

2 

43 

■ 

56 

50 

20 

23 

38 

29 

24 

25 


0.1 cc. of normal silkworm blood and 0.1 cc. of blood from a silkworm infected 
with grasserie by inoculation 4 days previously were each diluted 100 times with 
sterile, distilled water. The diluted blood was then centrifuged \ hour at 1,000 
r.p.m. to eliminate the blood cells, the larger particles, and the polyhedra. It was 
found in 1927, c that centrifuging the virus for 4 hours at 2,000 k.f.m. did not reduce 
its infcctivity. 1 standard drop (0.1 cc.) of the clear upper fluid from each lot was 
then placed on the center of each of a series of scrupulously clean cover-slips. 
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These were floated over mercury and dried in air, to obtain a uniform distribution 
of the particles present. A diaphragm was inserted into the ocular to reduce to 
about one-half the field of vision and the particles were counted both micro- 
scopically, and ultramicroscopically (with the aid of the cardioid condenser). 
This was done for ten fields on each cover-slip. In each of the twelve experiments 
two cover-slips representing normal blood and two representing grasserie blood 
were used. The microscopic shapes of the particles and their ultramicroscopic 
reflections seemed identical as studied in normal and diseased blood, and the size 
varied from about 50-100 m;* to approximately 0.5/* depending upon the type of 
illumination employed. 

The average microscopic particle counts of diseased and normal 
blood were naturally considerably lower, owing to lesser visibility, 
than the average ultramicroscopic particle counts in the same prep- 
arations. It is significant, however, that the same ratio was found 
between the number of particles in the diseased and normal blood 
when examined in these two ways. 

A statistical analysis’ of the determinations (Table I) shows that 
the average ultramicroscopic particle count for grasserie blood was 
42.3 ± 3.3, and for normal blood, 40.2 ± 2.3. The standard devia- 
tion for grasserie blood was calculated to be 38.3 ± 2.4, and for nor- 
mal blood, 26.8 ± 1.7. The difference in the variability was 11.4 ± 
2.9, or 3.9 times the probable error. It seems, therefore, that there 
is no outspoken difference in the number of ultramicroscopically visible 
particles existing in normal and grasserie-infected blood, although 
the number in the latter is slightly the more variable as one would 
expect in the case of animals whose tissues are undergoing such rapid 
degeneration. 

SUMMARY. 

With the techniques employed we have not been able to detect 
any qualitative differences between the particles visible in normal 
blood and in blood from cases of wilt disease and grasserie. Of the 
two conditions we can speak more definitely' in the case of grasserie, 
because this we have studied quantitatively as well, that is to say, 
the particles visible microscopically and ultramicroscopically have 
been counted without bringing to light any marked difference between 

* Kindly made by Dr. John \V. Gowen. 
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normal and diseased blood. This leads us to believe that the virus 


of wilt disease is probably invisible, and the virus of grasserie almost 
certainly so, when studied with the optical equipment that we have 
used, and that further evidence will be necessary before one can 
accept the chlamydozoa or the Borrcllina as the active etiological 
agents. Although these two polyhedral viruses do not appear to be 
visibly particulate, it does not follow that other filterable viruses are 
not organized in this way. Each should be considered on its own 
merits. 



EFFECT OF FORMALIN ON THE VIRUS OF VESICULAR 
STOMATITIS OF HORSES. 


By PETER K. OLITSKY, M.D., act PERRIN H. LONG, M.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, March 20, 1928.) 

From time to time reports have appeared dealing with active im- 
munization with filtrable or allied viruses that have been killed by 
weak solutions of formalin. 

Among those recently making favorable reports are Cumming, 1 Vallee, Carre 
and Rinjard, 2 the British Foot-and-Mouth Disease Research Committee, 2 and 
Hunt and Falk. 4 Cumming •worked with rabies virus treated less than 24 hours 
with 0.4 per cent formaldehyde, while Vallee and his coworkers studied foot-and- 
mouth disease virus exposed to 0.5 per cent formalin at 20°C. for from 4 to 7 days. 
The British Committee used the formalin in 0.1 per cent strength, which was added 
to filtered contents of foot-and-mouth disease vesicles, the mixture being kept 
for 48 hours at 26°C. before use. Hunt and Falk tested vaccinia material to which 
was added formaldehyde in 0.1 per cent concentration for 12 hours, the mixture 
being kept at unstated temperature. Besides these favorable reports, failures 
have been recorded. Thus Abramson and Gerber 5 were unable to secure immuni- 
zation with formalinized virus of poliomyelitis. 

It is obvious that the subject is one of wide interest and importance, 
for if active immunization can be secured with filtrable viruses, altered 
by this simple chemical means so that they are incapable of inducing 
specific lesions, a great step forward will have been taken. Up to the 
present, active immunity has been secured only by the use of attenu- 
ated or modified, but still living viruses, capable of producing some, 
although at times very slight, specific changes in the tissues. 

1 Cumming, J. G., J. Infect. Dis., 1914, xiv, 33. 

2 VallCc, H., Can-6, H., and Rinjard, P., Rec. mid. r It., 1925, d, 297; Rev. gin. 
mid. Tit., 1926, xxxv, 129. 

1 Second Progress Report of the Foot-and-Mouth Disease Research Committee, 
Ministry of Agriculture and Fisheries, London, 1927, 1-117. 

4 Hunt, L. V ., and Falk, I. S., J. Immune!., 1927, xiv, 347. 

‘Abramson, II. I.., and Gerber, H., J. Immunol.. 1918, iii, 435. 

S35 
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Our study was made with a strain of the virus of vesicular stoma- 
titis of horses, already described, 6 - 7 which has been shown to be closely 
related to the virus of foot-and-mouth disease. It was designed to 
determine (a) whether protection could be obtained with formalinized 
virus, and ( b ) whether the protection could be construed as arising 
from the effects of a killed antigen. 

Before proceeding with the description of experiments, we wish to 
recall some earlier conclusions derived from tests with antiseptics on 
the virus of foot-and-mouth disease. 8 The remarkable resistance of 
the latter virus to certain chemicals was found to be due to the fact 
that the reagents coagulate the proteins of the medium in which the 
virus is ordinarily distributed. As a result of this coagulation, the 
positive charge of the virus, and its minute size, the active material 
is held within large coagula and prevented from coming into immediate 
contact with the chemicals. Similar conditions have been found to 
occur in the instance of the virus of vesicular stomatitis, 7 in which the 
virus proved resistant to many chemicals which coagulate proteins. 
Furthermore, one of us (Long) has found that still another chemical, 
namely, neutral acriflavine in 1 per cent solution, acts as a coagulant 
so that the virus proves resistant when submitted to it for at least 24 
hours. Since formalin is a substance which coagulates proteins, we 
studied the virucidal action by means of a series of controls, as shown 
in the following tests. 

Viability of Formalinized Virus. 

In the preparation of formalinized virus of vesicular stomatitis, 
we followed mainly the methods employed by the British Foot-and- 
Mouth Disease Research Committee.* The Committee have studied 
the problem in connection with the virus of foot-and-mouth disease 
more extensively than any other recent workers. 

6 01itsky, P. K., Traum, J., and Schocning, H. W., J. Am. Vet. Med. Assn., 
1926, lx*, 147. 

7 Olitsky, P. K., J. Exp. Med., 1927, xlv, 969. 

8 Olitsky, P. K., and Boez, L., J. Exp. Med., 1927, xlv, S15; and the Report of 
the American Commission to Study Foot-and-Mouth Disease, to be published by 
the U. S. Bureau of Animal Industry. 
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Preparation . — The virus consisted, of the dear fluid derived from vesides in the 
pads of from three to over ten guinea pigs injected 24 hours previously, as a rule, 
with guinea pig passage vims of vesicular stomatitis.. The fluid was aspirated 
into a syringe and diluted 1 in 50 with phosphate buffer solution at a pH of 7.5 
or 7.6. The diluted material was filtered through a Berkefeld V candle and the 
major portion of the filtrate was used for foimalinization and the remainder for 
control tests of pathogenkity in guinea pigs. Six lots of filtered virus were pre- 
pared at different times. To four, 0.1 per cent neutral formalin was added, to 
one, 0.5 per cent, and to the sixth, 10 per cent. The formalinized vims was kept 
in an incubator at 26°C. for 48 hours or longer, and then tested by injection into 
the pads of guinea pigs. 

The 0.5 and 10 per cent formalinized material proved too injurious for use: 
extensive necrosis (or “wet 1 ’ gangrene) of the pad followed the use of the 10 per 
cent mixture, and a somewhat less degree of destruction, the 0.5 per cent mixture. 
Although the vims was killed in both instances after 2 days at 26°C., the factors 
of injury, confusion of specific and non-specific effects, and mortality led us to 
abandon the higher concentrations of formalin in favor of 0.1 per cent of this 
chemical, which is the concentration generally employed in preparing the so called 
“vaccines” of filtrable viruses. As will be shown later, even 0.1 per cent formalin 
is not wholly free from injurious effects — a mild edema being sometimes induced 
in guinea pigs. Similar effects in rabbits were observed by Hunt and Falk. 4 

Titralior. of Filtered Virus . — In order to determine the activity of the original 
filtered vims before utilizing mixtures of it with formalin for immunization tests, 
it was essential to show that the specimens of vims employed produced the char- 
acteristic lesion in guinea pig pads. Of three samples accurately titrated, one 
induced experimental vesicular stomatitis in a 1:1,000,000 dilution, another in 
1:500,000, and a third in 1:100,000 dilution. The remaining samples were in- 
jected, as a routine procedure, in dilutions of 1 : 100 or 1 : 1,000, all being capable 
at these dilutions of producing typical lesions. 

From now on we shall designate as “vaccine” the 0.1 per cent formalinized virus. 
We wish again to emphasize the fact already mentioned that this strength of 
formalin has in some animals an injurious action on the pad tissues, as shown by 
edema following injection. This injurious action is uninfluenced by either strong 
or weak vims; hence it must be ascribed to the chemical alone. 

Living Virus in the Vaccine. 

Tests were first made for evidence of living virus in the mixtures 
with formalin. After the freshly made mixtures had stood 48 hours 
at 26°C., 0.5 cc. was injected into each posterior pad of at least two 
guinea pigs. The results were as follows: 

Facctne 2.— Two guinea pigs, A and B, injected. After 4 davs, A showed a 
single vesicle on one pad, ridding dear, serous fluid. B exhibiled’a similar condi- 
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tion on the 3rd day. Guinea Pig B was etherized, the affected pad removed and 
ground in buffer solution with sterile sand. The pad emulsion was injected into 
the pads of two normal animals. Both developed typical vesicular lesions on the 
following day. 

Vaccine 5 . — Two guinea pigs, A and B, injected. On the next day, A showed 
a single vesicle on the right pad, while B was unaffected. 14 days after the original 
inoculation, B was injected in both pads with active virus. The following day, 
typical vesicles had appeared on both pads. 

Vaccine 6 . — Four guinea pigs, A, B, C, and D, injected. 24 to 48 hours later, 
all showed either single vesicles or no visible lesions; yet on pricking the pad with 
a needle, clear, serous fluid exuded. This clear fluid from Guinea Pig D was 
inoculated into the pads of Guinea Pig E, in which typical vesicles arose within 24 
hours. Guinea Pigs A, B, and C were reinjected with active virus after 14 days, 
and as none responded they can be regarded as immune, a finding which confirmed 
our opinion that the initial lesions following the injection of vaccine were those of 
vesicular stomatitis. 

Vaccine 7 . — Three guinea pigs, A, B, and C, injected. After 24 to 48 hours, 
no visible lesions appeared, except edema. On pricking the pads with a needle, a 
clear, serous fluid exuded. Guinea Pig A was etherized, the pads removed, ground 
in buffer solution with sand, and the emulsion inoculated into the pads of a normal 
animal. The latter developed typical vesicles by the next day. 

From the above four tests, it may be concluded that the so called 
vaccines as prepared with 0.1 per cent formalin contain living virus. 
In contrast, we wish to record that guinea pigs in which pad inocula- 
tion was made with 0.5 per cent and 10 per cent formalinized virus 
developed severe necrotic lesions, from the fluid contents of which the 
virus of vesicular stomatitis could not be recovered. One may infer 
that the virus is killed by these concentrations. 

The experiments described indicate that the usual concentration of 
formalin (0.1 per cent) employed for the production of so called vac- 
cines of filtrable viruses does not kill the virus of vesicular stomatitis 
after a contact of at least 2 days at 26°C. The fact should, however, 
be noted that the lesions induced by the treated virus are. generally 
slight, and that they may be confused with edema resulting from the 
action of the formalin alone. Simple inspection of the inoculated site 
is not sufficient to determine whether the effect is wholly chemical or 
due in part to living virus. In order to determine this, one should 
prick the superficial skin with hypodermic needles so as to cause any 
existing fluid to exude, which fluid, or that obtained from the emulsi- 
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fied pad, should be reinoculated into normal animals and the effects 
observed. Finally, recovered guinea pigs should be subjected to a 
later injection of active virus to determine if immunity exists, 3 and 
any pads showing suspicious lesions should be examined histologically 
for the presence of characteristic pathological changes and of the in- 
clusion bodies which we have already described. 10 Such has been our 
own routine procedure. 

Since, as the tests described above show, 0.1 per cent formalin fails 
to kill the vesicular stomatitis virus after 48 hours contact, we next 
studied the point at which the infectiousness of the so called vaccine 
ceased. 

Vaccine 7 (0.1 Per Cent Formalin .) — Three guinea pigs injected with this vaccine 
kept for 48 hours at 26°C. after its preparation, were found to harbor the virus, a 
fact demonstrated by the preceding protocol. Two of three animals which re- 
ceived the same material after it had stood for 72 hours at 26°C. also gave evidence 
of containing living virus, after transferring the ground pads of the two animals to 
normal guinea pigs, which, in turn, developed characteristic vesicles. Six guinea 
pigs injected with the preparation after it had stood for 96 and 120 hours at 26°C. 
exhibited no effects which could be attributed to living virus. These unaffected 
animals were reinoculated in the pads about 10 days later with active, undiluted 
virus. All responded promptly with characteristic vesicles. 

It is plain that Vaccine 7 contained living virus for 72 hours but 
not for 96 hours. The fact should be noted, in addition, that a single 
injection into the pads of formalinized virus, unless living virus is 
present in it, fails to immunize the animals. 

Effect of Repealed Injections of Killed Formalinized Virus. 

In view of the fact that previous workers have reported the produc- 
tion of active immunity by means of repeated injections of formalinized 
vaccines in which they supposed the virus to have been killed, we 
studied the effect of repeated inoculations with some of our formalin- 

’ It has already been established*- 7 that in experimental vesicular stomatitis, 
the induction of vesicles, no matter how small or few in number, is followed by a 
solid resistance to undiluted active virus. The same conditions prevail in experi- 
mental foot-and-mouth disease of the guinea pig (Olitsky, P. K., Schoening, H. W. 
and Traum, J., North American Vet., 1927, viii, 42). 

1 0 Olitsky, P. K., and Long, P. H., Proc. Soc. Exp. Bid. and Med., 1928, xxv, 287. 
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ized virus. But, as the following protocol shows, we were unable to 
detect any immunity in animals “vaccinated” with dead virus. 

Two vaccines were selected, Nos. 2 and 3, made with 0.1 per cent formalin, 
which had been shown to contain living virus after 48 hours at 26°C., and which 
had been kept thereafter in the cold (S°C.). After 34 and 39 days respectively at 
this temperature, the vaccines were injected into the pads of guinea pigs. No 
effects of living virus could be detected by the methods already described. None 
of the six animals of this series proved resistant to a later injection of active virus. 

The same preparations were tested again after they had been kept at 5°C. for 
a longer period (70 days in the case of Vaccine 2 and 75 days 11 in that of No. 3). 
Twelve guinea pigs were given a series of seven injections with one or the other 
vaccine, six receiving 0.5 cc. intramuscularly and six others 1 cc. intradermally 
and subcutaneously, that is, 0.5 cc. in each of the posterior pads. The first six 
injections were given at 3 day intervals, and the seventh 4 days after the sixth. 
3 days after the injections had been completed, the ten surviving animals were 
inoculated into the pads with virus of known activity. All responded within 24 
hours with characteristic vesicles. 

In the following experiment it will be shown that it is possible to 
induce resistance to active, undiluted virus by a single intramuscular 
or intracutaneous injection of living, untreated virus, although under 
these conditions no demonstrable lesions occur. 

Fluid from vesicles 24 hours old of guinea pigs inoculated with passage virus, 
whether diluted 1 :10 or undiluted, induced no demonstrable lesions when injected 
intracutaneously into the shaved skin of the abdomen, or intramuscularly into the 
thigh. In four of the seven animals thus treated, the pads were scratched, though 
not inoculated, at the time of the virus injection. These pads developed no 
lesions. 12 All the guinea pigs resisted pad injection of undiluted, active virus 
from 10 to 23 days later. 

The virus of vesicular stomatitis, therefore, appears to behave as do 
some other filtrable viruses, that is, immunity can be induced only 
when living virus is employed. 

11 The experimenters of the British Committee state that the activity of their 
killed foot-and-mouth disease vaccines persists in the cold for at least 197days, 
and that protection is first noted 48 hours after injection. 

12 Absence of localization in the injured pad may be ascribed in these instances 
to the fact that the strain of virus which we used had lost its original feeble power 
to induce secondary lesions. The failure of the vesicular stomatitis virus to induce 
demonstrable lesions after intramuscular or intracutaneous injection was first 
noted in cattle.® 
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SUMMARY AND CONCLUSIONS. 

The virus of vesicular stomatitis is not readily killed by formalin. 
This chemical is one of a group which coagulates the proteins of the 
medium in which the virus is usually contained. It has already been 
found 7 that other reagents of the protein-coagulating group are not 
actively virucidal, and the effect of formalin in this instance is there- 
fore characteristic of the group. 

The so called formalinized vaccines which give rise to immunity can 
be shown to have done so because of the presence of living virus. A 
single injection of such so called "vaccine/’ or of other material con- 
taining living virus, is capable of inducing immunity in guinea pigs. 
No protection, however, follows a single injection of dead virus. 
Furthermore, repeated inoculations of virus killed by formalin like- 
wise fail to induce resistance against subsequent injections of the 
living virus. 

It is concluded, with respect to the virus of vesicular stomatitis, 
that the use of formalin has failed to solve the problem of active im- 
munization with dead virus. 




THE ANTIGENIC COMPLEX OF STREPTOCOCCUS 
H/EMOLYTICUS. 

TV. Anaphylaxis with Two Nox-Tyfe-Spechtc Fractions. 

Bv REBECCA C. LAXCE FIELD, Pn.D. 

{From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, March 15, 1928.) 

Anaphylactic experiments with bacterial proteins have presented 
more difficulties to investigators in this field than similar experiments 
with proteins from other sources. Tins has probably been due, to a 
certain extent, to the primary toxicity of many bacterial proteins and, 
in part, to the difficulty of obtaining a sufficient quantity of concen- 
trated material. 

Zinsser and Parker (1), working with a slightly alkaline saline extract of typhoid 
bacilli, noted its primary toxidty and the quantitative rather than the qualitative 
differences between passively sensitized and normal guinea pigs when relatively 
large amounts of antigen were injected; whereas with smaller amounts, they did 
not obtain acute anaphylactic death. Using the isolated uterus method of Dale 
(2), they were able to eliminate the error due to toxicity of the antigen, since nor- 
mal uteri did not react with typhoid antigen. They showed, in this way, that the 
reactions obtained with bacterial antigens were essentially similar to those obtained 
■with such antigens as horse serum. A critical review of the previous literature 
on bacterial anaphylaxis is given by these authors. 

The experiments reported in this and in the succeeding paper were 
undertaken primarily to throw* some light on the question of the 
antigenicity of the various fractions isolated from the hemolytic 
streptococcus. It had already been shown that certainly two and 
possibly three distinct reactive substances, all non-type-specific, were 
present in extracts of hemolytic streptococci in addition to the type- 
spccific protein, and that these could be separated chemically and 
serologically (3). Certain points of interest soon arose with regard 
to the anaphylactic reactions caused by these fractions, and these 
observations arc recorded. The results presented in this paper were 
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obtained with the group-reactive nucleoprotein (P) and with the 
species-specific substance (C) which is probably a carbohydrate; while 
the results with the type-specific protein (M) and the non-type-specific 
protein (Y) sometimes associated with it are given in the succeeding 
paper. 

Methods. 

The preparation of the extracts used in these experiments has been previously 
described (3). Briefly, the nucleoprotein (P) was the fraction of NaOH extracts 
precipitable in the cold with dilute acetic acid, while the probable carbohydrate 
(C) was obtained from the supernatant fluids after precipitation of the other 
reactive fractions from their respective extracts. It was freed of protein as far 
as the small yields permitted. The type-specific (hi) protein was obtained from 
HC1 extracts. 

The preparation of antibacterial sera was described in detail in a preceding paper 
and the most satisfactory method of preparing anti-P sera, also described pre- 
viously (3), is summarized here for convenience. Rabbits were immunized with 
P by intravenous injections of 1 per cent solutions. Four daily injections of 10 
mg. each were made, followed by a 3-day rest, then four more injections of 20 mg. 
each followed by 3 days of rest as before. A similar third series of injections of 
30 mg. doses was given, then a fourth series of 40 mg. doses. If the titer of the test 
bleeding, taken 7 days later, was unsatisfactory, further series of 40 mg. doses 
were made until a satisfactory titer was obtained. The animal was then bled and 
the serum stored in the ice box without preservative. 

Guinea pigs were sensitized passively by the intraperitoneal injection of 0.5 cc. 
of immune serum. Occasionally larger amounts of serum were employed and 
are thus recorded in the tables. Since it was impossible to obtain enough guinea 
pigs of exactly the same weight for use in all experiments, animals of approximately 
the same weight were selected for each experiment. The weights, which usually 
ranged between 150 gm. and 200 gm., are omitted from the tables. The sensi- 
tized animals were tested by intravenous injections of the appropriate extracts 
at varying intervals after sensitization, as shown in the tables. The smallest 
amount of extract which regularly caused acute anaphylactic death was called 
the minimal anaphylactic dose (m. a. d.), following the terminology' of Weil (4). 
Since the concentration of active substances in the extracts was sometimes un- 
known, the dose could not always be expressed in mg. and was, therefore, in these 
instances given as M. A. D. for guinea pigs sensitized with the homologous serum. 
Sometimes both methods of recording the dosage were employed. In those 
instances in which it was desirable to test the anaphylactic reactions of a sensi- 
tized guinea pig with more than one substance, it was found necessary' to wait 
24 hours between injections in order to give the animal time to recover from the 
non-spedfic reduction of reactivity due to the first shock. The necessity for 
this interval has also been noted by' Wells and Osborne in their study' of the 
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relationships of certain plant proteins by means of the anaphylactic reaction 
(5). Control animals vrere always injected with doses at least as large as those 
used for the sensitized guinea pip, sometimes following an intraperitoneal injec- 
tion of normal rabbit serum and sometimes without this preliminary injection. 
They never showed symptoms of shock with the doses employed and survived 
indefinitely, most of them being kept under observation for several weeks. 

A convenient method for making intravenous injections into guinea pigs was 
brought to our attention by Dr. C. H. Hitchcock. The hair was shaved from the 
back of the leg and a superficial longitudinal vein was easily laid bare by a small 
incision in the skin just above the ankle. This vein was small but was satis- 
factory for intravenous injections with a 25 gauge Yale needle. As many as 
five separate injections have been made into the same vein, although usually the 
veins in both legs were used for repeated injections, and occasionally similarly' 
located veins in the forelegs were employed. All intravenous injections reported 
here were made in this manner. 

The results of anaphylactic tests of each reactive fraction injected 
into guinea pigs sensitized with anti-P and with antibacterial sera are 
considered in order. The group-reactive P antigen is discussed first 
since a pure anti-P serum was available for its study. Since Zinsser 
and Parker reported optimal sensitization after an interval of 5 to 8 
days rather than earlier, the following experiment was performed to 
determine the optimal time for the shocking injection after passive 
sensitization with this serum. 

Experiment 1. — A series of guinea pigs was sensitized with anti-P serum. 1 
The li. A. D. of the homologous P was determined at 24-hour intervals throughout 
a 4-day period. The results are tabulated in Table I. 

The experiment showed that the optimal time for passive sensitiza- 
tion with this anti-P serum was not reached until the 2nd or 3rd day, 
as judged by the size of the m.a.d., and that guinea pigs became less 
sensitive after the 3rd day. 

The next experiment was devised to show the relationships among 
nuclcoproteins from different types of hemolytic streptococci as well 
as from Streptococcus viridans and pneumococcus. 

Experiment 2— Another scries of guinea pigs was sensitized with anti-P serum. 
The li. a. n. of nudeoprotein from strains representing three different types of 

1 In each instance the details of preparation of immune serum arc given in the 
tables; hence they will not be discussed in detail in the text. 
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hemolytic streptococcus was determined on the day after sensitization by the 
intravenous injection of varying amounts of a 1 per cent solution. Sensitized 


TABLE I. 

Anti-P Reaction. 

Time Required for Passive Sensitization with an Aitti-P Scrum. 

Guinea pigs sensitized with anti-P serum, R500, from a rabbit immunized 
with P from hemolytic streptococcus, Strain S39, Type S23. 


Shocked by intravenous injections of P from homologous strain, S3 9 


Guinea pig 

Days after sensitization 

Dose 

Result 

A r l 

1 

mg. 

5.0 

+ + + + + 

A-2 

1 

7.5 

f5 min. 

A-3 

2 

0.5 

+ 

A-4 

2 

1.0 

f4 min. 

A-5 

3 

0.5 

dz 

A-6 

3 

1.0 

+ + 

A-7 

3 

2.0 

|5.5 min. 

A-3 

4 

2.0 

■ 

-L 

i 

A-9 

4 

5.0 

|3.5 min. 


20 mg. of P did not shock unsensitized control guinea pigs. 
In all tables the following symbols are employed: 

— indicates no shock. 


db? 

+ 

+ + 
+ + + 
+ + + + 
+ + + + + 
t 


trace of shock, 
slight shock, 
mild shock, 
moderate shock, 
moderately severe shock, 
severe shock, 
very severe shock, 
animal died. 


hom. = homologous, 
het. = heterologous. 

M. a. D. = minimal anaphylactic dose. 


guinea pigs were also tested with P from a strain of green streptococcus and with 
P from pneumococcus, Type III. 2 Animals surviving the first injection were 


2 This protein was an oxidized extract kindly supplied by Dr. Julianelie. 
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reinjected on the following day with a dose oi hemolytic streptococcus I 1 several 
times the it. a. d. in order to determine -whether they had become desensitized. 
Control animals were not shocked by 20 mg. of P. 

TABLE n. 

Anii-P Reactions. 

Minimal Anaphylactic Dose oj Nucleoprolein, PJrom Dijjcrent Strains. 
Guinea pigs passively sensitized with anti-P serum, R500, from a rabbit im- 
munized with P from hemolytic streptococcus, Strain S39, Type S23. 


Shocked by intravenous injections 


Guinea 

P>S 

First test 1 day alter sensitization 

Second test 2 days after sensitization 

Antigen: P from strain of 

S. h&molylicuz 

Dose 

Result 

Antigen: P from 
strain of 

5. kanoly ticus 

Dose 

Result 



ns- 



ng. 


B-l 

S39 (horn.) 

5.0 


S39 (hom.) 

10* 

ziz 

B-2 

u u 

7.5 

j3 min. 




B-3 

S43 (hct.) 

5.0 

4- 

it it 

10 

±? 

B-4 

1 u it 

1 

7.5 

f4.5 min. 




B-5 

S3 “ 

5.0 

-f -r** 




B-6 

41 14 

7.5 

t4.5 min. 





P from strains of related 







% penes 






B-7 

V92 (S. Tiridans) 

mm 

-f 

tt i* 

10 

j4 min. 

B-8 

ti it it 

eH 

+-F i 

S3 (hct.) 

20 

++-F 

B-9 

U H (I 

■a 

4~r+ 

S39 (hom.) 

10 


B-10 

Pneumococcus, Type 

2cc.*** 

14 hrs. 





ra 







* 10 m. a. d. for 48 hours. See Table I. 

** Found dead next day. Small Gram-negative bacillus in heart’s blood 
culture. 

Concentration of P unknown. Test made 4S hours after sensitization. A 
control animal v. as unaffected by the same dose. 

Tabic II shows the results of this experiment. Although the three 
hemolytic streptococcus proteins represented three distinct serological 
types, the M.A.D. for guinea pigs sensitized with Serum R500 was°the 
same; while shock, but not death, was produced by considerably 
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larger doses of green streptococcus protein. A pneumococcus protein 
injected 48 hours after sensitization resulted in delayed death. Ani- 
mals surviving shock from the hemolytic streptococcus proteins 
were completely protected against shock on the following day with 
10 mg. of homologous P, although with this interval after sensitization 
1 mg. was the m.a.d.; and those surviving shock from the green 
streptococcus protein were partly protected against the homologous P. 

The nucleoproteins were also tested in guinea pigs sensitized with 
antibacterial sera. Since these sera contained antibodies for all the 
reactive substances but in different amounts depending on the method 
of immunization or the individual response of the rabbit, the tests with 
them were partly incidental to other experiments and were collected as 
Experiment 3. 

Experiment 3 . — Guinea pigs sensitized with 0.5 cc. to 1.0 cc. of antibacterial 
sera were tested 1 to 6 days later by intravenous injections of nucleoprotein P 
in doses ranging from 4 mg. to 10 mg. The m. a. d. was usually determined. 
The results are recorded in Table III. 

The table is self-explanatory and shows that guinea pigs passively 
sensitized with antibacterial sera died in acute anaphylactic shock 
when injected intravenously with 7.5 mg. to 10 mg. of homologous or 
of heterologous hemolytic streptococcus nucleoprotein. Proteins 
from the different strains, except possibly from the homologous strain, 
were approximately equally effective in producing shock. Since 
homologous P solutions always contained some type-specific protein 
M, a smaller m.a.d. was to be expected. Precipitin tests, not tabulated 
here, also showed the presence of P antibodies in all these sera. 

Active sensitization was obtained with nucleoprotein antigens in a 
few instances. After numerous doubtful results, unsuccessful appar- 
ently on account of dosage or timing between injections, the following 
satisfactory experiment in active anaphylaxis was performed. 

Experiment 4 . — Three guinea pigs were given intravenous injections of P 
from hemolytic or from green streptococci, as shown in Table IV. 22 days later 
each guinea pig was reinjected with 20 mg. of hemolytic streptococcus P. Table 
IV summarizes the experiment. 

All three guinea pigs suffered typical anaphylactic shock on reinjec- 
tion with hemolytic streptococcus proteins. Although the intensity 
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of the shock varied with different sensitizing antigens and was most 
marked with the most distantly related P, still the postmortem findings 

table m. 


Anti-P Reactions. 

Effect of Nucleoprolein, P, on Guinea Pigs Sensitized, •with Antibacterial Sera. 



Sensitized rrith serum* 

Shocked by intravenous injections 

Guinea 

pig 

No. 

Cc. 

Pays after 
sensitiza- 
tion 

Antisen: P from 

S. kencljrticus 
strain 

Dene 

Result 









C-l 

R323 

1.0 

flirIM 

S39 

(het.) 

s 

-p 

C-2 

it 

1.0 

1 

it 

it 

sill 

-i i : — 

C-3 

it 

1.0 

D 

S60 

(hom.) 


f4 min. 

C-4 

R321 

0.5 

B 

S3 

(het) 


t4 « 

C-5** 

R261 

! 0.5 1 

ill 

it 

it 



K-l 

it | 

0.5 

l 

it 

it 

10.0 


c-c 

it 

1.0 

6 

S60 

(( 

5.0 


C-7 

a 

1.0 

6 

It 

tt 

773 


C~8 

it 

1.0 


it 

it 

7.5 

t45 “ 

C-9 

a 

1.0 


tt 

tt 

10.0 

t3.5 “ 

M-2 

Q30S 

1.0 


S3 

ft 

10.0 

t3.5 “ 

M-3 

it 

1.0 


(( 

U 

10.0 


M-6 

it 

1.0 


tt 

tt 

10.0 

-r-f 

C-10 

R446 

0.5 

1 

543 

it 

5.0 



c-n 

(I 

0.5 


it 

it 

7.5 

-2 

C-l 2 

if 

0.5 

in 

tt 

ft 

10.0 

|3.5 nun. 


* Scrum R323 was against Strain S43, Type S60. 


R321 " 

a tt it 

(( 

tt 

R201 “ 

" “ S39, 

“ S23. 

Q30S “ 

“ “ S23, 

it 

a 

R440 “ 

“ " S3, 

“ S3. 


** Three other guinea pigs in this group received the same dose with the same 
result. 

were typical of anaphylactic death in all instances. This experiment 
offered sufficient evidence that nucleoprotcin antigens from strepto- 
cocci could sensitize guinea pigs actively. 
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These experiments confirm the conclusions previously readied 
as a result of precipitin tests and absorption experiments that the 
nucleoprotein fraction P is common to hemolytic streptococci and 
that it is related to similar protein fractions of green streptococci and of 
pneumococci. 

The anaphylactic reactions of the second non-type-specific substance 
were next investigated. This is referred to as the C substance and is 
probably a complex carbohydrate chemically similar to the type- 
specific soluble substances of certain other bacteria. It will be recalled 
however, that this fraction, while it is species-specific for hemolytic 


TABLE IV. 

Anli-P Reactions. 

Active Sensitization with Nucleoprotein Antigens. 


to 

Sensitizing injection* 



Shocking injection* 22 days later 

p. 

rt 

s 

0 

Antigen 

Pfrom strain** 

Dose 

Result 

Weight 

Antigen 

P from strain 

Dose 

Result 

D-l 

S43 (S. hxmolyticus ) 

ms- 

20 


l 

S43 {S. hxmolyticus) 


+ + + + (tover- 

D-2 

S3 “ “ 

20 

rfc: 

1 

tt u <c 


night)*'** 
t50 min. 

D-3 

V92 (“ viridans ) 

20 

Bl 

m 

t ( u <( 

20 

t4 


* Intravenous. 

** Strain S43 represents Type S60; Strain .S3 represents Type S3. 
*** Lungs distended as in acute anaphylactic death. 


streptococci, shows no type spedficity whatever in its precipitin reac- 
tions. Thus, with antibacterial serum from Rabbit R446 typical 
disc precipitates were formed in high dilutions of C preparations from 
all strains of hemolytic streptococcus tested. Consequently, it was 
important to find out whether this antigen-antibody system could 
cause anaphylaxis, and the following experiment was performed to 
determine this point. 

Experiment 5 . — A scries of guinea pigs was sensitized with Serum R446. On 
the following day the animals were tested with intravenous injections of varying 
amounts of “purified” C from two heterologous strains of hemolytic streptococ- 
cus. The results are given in Table V. 
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In this experiment typical anaphylactic shock was produced with a 
substance which is probably a carbohydrate. Titration of C from 
Strain S43 showed that 0.04 mg. was the jt.a.d. for guinea pigs sensi- 
tised on the preceding day with Serum R446. Similarly, the h.a.d. 
of C from Strain S23 was 0.03 mg. The results exactly parallel the 
precipitin tests recorded in Table I of the preceding paper (3). A 

TABLE V. 

Anli-C Reactions. 

Eject of Two Relatively Pure C Substances on Guinea Pip Sensitized with Anti- 
bacterial Serum with a High Tiler of C Precipitins. Determination of 
Minimal Anaphylactic Dose. 


Guinea pigs sensitized with serum from a rabbit immunized with Strain S3, 
Type S3. 


Guinea. pig 

Shocked by h ltravenotis injections I day after sensitization 

"Purified” C from strain 

Dole 

Result 

E-l 

1 S43 (het) 

n;. 

0.02 


E-2 

| ti ft 

0.04 

f3 .5 min. 

E-3 

it u 

0.2 

f3.5 “ 

E-4 

11 it 

2.0 

14 “ 

E-S 

S23 " 

0.01 

ch 

E-6 

It ti 

0.03 

14 nun. 

E-7 

It ti 

0.1 

ts “ 


The three strains used in this experiment represent three distinct types of 
S. hzmolyticus: 


S3 represents Type S3. 

S43 “ •• SCO. 

S23 “ “ S23. 

crude C extracted with antiformin from another strain of Type S23 
also produced typical anaphylactic death in guinea pigs sensitized with 
this scrum. Precipitin tests with this extract were negative for M and 
for P substances, and paralleled the anaphylaxis results in being 
positive for the C substance. The results with this extract are not 
included in the table. 

Since the C substance produced undoubted anaphylactic shod:, the 
question of its chemical nature became of even greater interest and 



852 


STREPTOCOCCUS HzEMOLYTICUS. IV 


theoretical importance than before. As already pointed out, it was 
supposed that this fraction was probably a carbohydrate, and the 
facts supporting this supposition have been considered previously 
(3), as well as the fact that the chemical analyses do not exclude the 
possibility that the active material is combined with protein or is 
protein itself. Exposure of C to active trypsin, however, did not alter 
its activity in the precipitin test, and the effect of such digestion on the 
anaphylactic reaction is shown in the following experiment. 

table vi. 

Anti-C Reactions. 

Exposure oj C Substance to Trypsin: Effect on Anaphylactic Shock. 

Guinea pigs sensitized with Serum R446 from a rabbit immunized with Strain 
S3, Type S3. 


Guinea pig 

Shocked by intravenous injections 1 day after sensitization 

Purified C from Strain S23, Type S23, 
treated with: _ 

Dose* 

Result 

F-l 

Inactive trypsin 1 

ms- 

0.05 


F-2 

it 

<< 

0.075 


F-3 

Active 

U 

0.05 


F-4 

U 

it 

0.075 



* These figures maj r be somewhat inaccurate on account of the small volumes 
with which the experiment was performed. 


Experiment 6. — “Purified” C substance was subjected to the action of 0.5 
per cent trypsin for 50 minutes. The technique of the experiment was the same 
as that employed in similar experiments described in previous papers (3). The 
trypsin was shown to be active by a simultaneous experiment in which the type- 
specific protein M was completely digested under the same conditions. (See 
Experiment 3 in the following paper.) Titrations of the C substance exposed to 
inactivated trypsin (the control) and of that exposed to active trypsin were made 
in guinea pigs sensitized with Serum R446. 

Table VI shows that trypsin did not digest the C substance or 
change its titer in the anaphylactic reaction under conditions which 
completely destroyed other reactive fractions of the hemolytic strep- 
tococcus. 
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A few additional experiments were made to test the reactivity of C 
in guinea pigs sensitized with an anti-P serum and with antibacterial 
sera which showed only a low titer of C antibodies in the precipitin 
test. Experiment 7 gives some of these results. 

Experiment 7.— Two guinea pigs, sensitized 2 days earlier with an anti-P serum, 
were given intravenous injections oi C in doses which represented 32 and 20 
u. A. D. respectively for animals sensitized with serum potent in C antibody. 


TABLE VII. 

Anii-C Reactions. 

Effect of C Substances on Guinea Pigs Sensitized with: 

(/) Anti-P Sera with No C Precipilins. 

( 2 ) Antibacterial Sera with Low Titer of C Precipilins. 


Guinea 

pi* 

Sensitized 

with 

serum 

i 

Kind of serum* 

Shocked by intravenous infections 

Days 

after 

sensitiza- 

tion 

Purified C extract 
from strain 

Dose 

Result 

m e . 

U.A.V.” 



Anti-P 

2 

S23 (hom.) 

0.1 

3.3 





(( 

2 

it it 

0.6 

20.0 


G-3 


Antibacterial 

1 

S43 « 

0.2 

5.0 1 

— *** 

G-4 


u 

1 

“ (bet.) 

0.2 

5.0 

— 

msM 

1 

ft 

1 

S23 (hom.) 

0.1 

3.3 

•** 


* R500 was a rabbit immunized with P from Strain S39, Type S23. 

R322 was a rabbit immunized with Strain S43, Type S60. 

R264 “ “ “ “ “ " S39, « S23. 

** M. a. n. in terms of Scrum R446. See Table V. 

*” Intravenous injections of suitable homologous P or M extracts an the fol- 
lowing day produced typical anaphylactic death in these ani mals 

(See Experiment 5.) Since they were not shocked, the sensitiveness of one of 
these animals, G-2, was tested on the following day by an intravenous injection 
of nuclcoprotcin P. 

Guinea pigs sensitized with antibacterial sera which had a low titer of C pre- 
dpitins were also tested with C substances but showed no symptoms of shod:, 
whether the C was obtained from homologous or from heterologous strains. Tv.o 
of these animals, G-3 and G-S, subsequently received homologous M extracts to 
prove that they had been really sensitized. 
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This experiment emphasized the fact that this non-type-specific 
substance was not the same as the non-type-specific nucleoprotein P 
since it did not shock Guinea Pigs G-l and G-2, sensitized with a 
potent anti-P serum. It also showed that C would shock guinea pigs 
sensitized with antibacterial sera, only if the serum had a relatively 
high content of C precipitins. Thus, G-3, G-4, and G-5 showed no 
shock when given 3 to 5 m.a.d. of C, although subsequent injections of 
homologous type-specific M extracts proved that this group of animals 
had been properly sensitized. .These results parallel the precipitin 
reactions. This experiment will be referred to in another connection 
to show that the C substance is different from another non-type- 
specific substance (designated Y) which gave cross-reactions with 
certain antibacterial sera (notably, with Serum R.264). 

No attempts to sensitize actively with C could be made on account of 
the small amounts of material available. 

DISCUSSION. 

The anaphylactic reactions of two of the cell derivatives of Strepto- 
coccus hsemolyticus paralleled in every instance the precipitin reactions 
previously reported (3). The similarity of nucleoproteins (P) from 
different types as well as from different strains of hemolytic strepto- 
cocci was again evident; while the partial relationships of P from 
related species of bacteria, such as Streptococcus viridans and pneumo- 
coccus, were also apparent. These conclusions are based on passive 
anaphylactic experiments with anti-P and with antibacterial sera and 
on active sensitization with P which was also accomplished. 

The species-specific C substance was also effective in producing 
anaphylactic death in passively sensitized guinea pigs, but only if the 
serum showed a high titer of the non-type-specific C precipitins. 
Amounts as small as 0.03 mg. to 0.04 mg. were sufficient to cause death 
in such animals. This is an instance in which a substance, probably 
carbohydrate in nature, causes passive anaphylactic shock, an interest- 
ing finding in view of its chemical nature and the failure to immunize 
with it. It seems to be a hapten capable of reacting with antibody but 
not capable of stimulating antibody formation. Insufficient quantities 
have been available to determine its capacity to produce active 
anaphylaxis. A similar result has been reported since the .conclusion 
of these experiments by Tomcsik (6) who obtained from B. lactis 
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aerogenes 5 gm. of a specific substance which was largely carbohydrate, 
although he could not free it of 0.9 per cent nitrogen. 0.03 mg. of this 
product was the minimal anaphylactic dose for guinea pigs passively 
sensitized with antibacterial serum, a figure strikingly similar to that 
obtained with the probable carbohydrate of the hemolytic strepto- 
coccus. Tomcsik’s material was non-antigenic in that it did not 
produce active anaphylaxis in guinea pigs nor antibodies in rabbits 
into which it was injected. His work is analogous to that reported 
here with the C substance; and in both instances the final proof that 
the material is pure carbohydrate is still lacking, although the amount 
of nitrogen present in one minimal anaphylactic dose is certainly small. 
In the case of the streptococcus C, which contained approximately 4 
per cent nitrogen, the minimal anaphylactic dose, therefore, contained 
only about 0.000001 gm. of nitrogen. In the present anaphylactic 
experiments, additional evidence that C is not a protein is the failure 
to digest it with trypsin; and its failure to shock guinea pigs passively 
sensitized with anti-P serum is further evidence that it is distinct from 
the non-type-specific nucleoprotein, P. 

SUMMARY. 

The anaphylactic reactions of two non-type-specific fractions of 
hemolytic streptococcus extracts parallel the precipitin reactions. 
The nucleoprotein, P, is a true antigen, in that it stimulates antibody 
production in rabbits, as shown before, and produces anaphylactic 
shock in guinea pip actively as well as passively'. The probable 
carbohydrate, C, on the other hand, does not induce antibody forma- 
tion in rabbits, so far as known at present, but does produce typical 
anaphylactic shock in guinea pip passively sensitized with anti- 
bacterial serum provided the serum shows a high titer of C precipitins. 
This is an instance of a hapten, probably carbohydrate in nature, 
causing anaphylactic shock in passively sensitized guinea pigs. 
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THE ANTIGENIC COMPLEX OF STREPTOCOCCUS 
H/EMOLYTICUS. 

V. Anaphylaxis with the Type-Specific Substance. 

By REBECCA C. LANCE FIELD, Ph.D. 

(From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, March 15, 1928.) 

The anaphylactic reactions caused by the group-reactive nucleo- 
protein P, and by the spedes-spedfic substance, C, obtained from 
extracts of hemolytic streptococcus have been shown in the preceding 
paper to parallel their predpitin reactions (1). Thus equivalent 
amounts of nucleoproteins derived from different types of hemolytic 
streptococd caused acute anaphylactic death in guinea pigs passively 
sensitized with anti-P serum prepared with nudeoprotein from any of 
these types. Moreover, nudeoproteins from related spedes of bac- 
teria, Streptococcus viridans and pneumococcus, also caused anaphy- 
lactic death if injected into similarly sensitized guinea pigs in 
suffidently large doses. This partial relationship had already been 
observed in predpitation and absorption experiments (2). The 
nudeoproteins were also capable of sensitizing guinea pigs in active 
anaphylactic experiments. The other non-type-specific fraction, the 
spedes-spedfic C substance, which seemed to be non-protein and 
probably carbohydrate, was also effective in produang acute anaphy- 
lactic death in passively sensitized guinea pigs. Only those antibac- 
terial sera which showed a high titer of C antibodies in the predpitin 
test, however, were under the conditions of the experiments capable 
of sensitizing guinea pigs passively to shock with the C substance. As 
in the predpitin reaction, so also in the anaphylactic reaction, the C 
substance showed no type spedfidty but gave cross-reactions with 
sera prepared against all types of hemolytic streptococci. While the 
diemical data were not sufiiricnt to prove condusivelv that this sub- 
stance was a carbohydrate, still they indicated that this was the case. 
They were substantiated by the failure of trypsin or of pepsin to affect 
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either the precipitin titer or the minimal anaphylactic dose of C. 
These two non-type-specific substances extracted from hemolytic 
streptococci differed both chemically and in their failure to cause 
reciprocal precipitin or anaphylactic reactions with their respective 
antisera. 

The present experiments are concerned with the anaphylactic 
reactions of the type-specific protein, M, and with certain cross- 
reactions observed with some of the extracts containing M which may 
be due to a third non-type-specific fraction, Y. 

M ethods. 

The preparation of extracts and of antisera has been described, and the tech- 
nique of the anaphylactic test is the same as that employed with the non-type- 
specific fractions (1). 

The protein fraction, M, which gave type-specific precipitin reac- 
tions, was tested for type-specific anaphylactic reactions as shown in 
Experiment 1. 

Experiment 1 . — Guinea pigs, sensitized with antibacterial serum, were tested 
with intravenous injections of homologous and of heterologous HC1 extracts 
which contained the type-specific M. Surviving guinea pigs were reinjected 
on the following day with homologous M. The m.a.d. for each extract was 
determined, and doses were recorded as approximate multiples of the M.A.D. 
with a definite homologous serum. Control unsensitized guinea pigs were never 
shocked by these extracts. Table I shows some oi the type-specific reactions. 

Guinea pigs sensitized with eight different antibacterial sera showed 
only slight reactions when tested with intravenous injections of 2 to 
50 m.a.d. of heterologous M, although the controls, similarly sensi- 
tized, died in acute anaphylactic shock when given 1 or 2 m.a.d. of 
homologous M. The animals surviving heterologous M, either 
succumbed to injection of homologous M on the following day or 
suffered a severe but sublethal shock. The increase in amount of 
homologous M required to produce death following shock with heterol- 
ogous M was probably due to the presence in these extracts of traces 
of non-type-specific substances as impurities. Such an experiment 
was evidence of type-specific anaphylactic shock with the M fraction. 
A micro Kjeldahl nitrogen determination made on the most active lot 
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of HC1 extract from Strain S43 showed that the m.a.d. for guinea pigs 
passively sensitized with homologous Serum R322 was 0.2 mg. of 
protein. 

Active sensitization with HC1 extracts was attempted; but, al- 
though doses and intervals between injections were varied consider- 
ably, no positive results were obtained. In view of the difficulty of 
finding the right conditions for sensitization with P, however, these 
negative results were not considered conclusive. 

Occasional sera were encountered which gave non-type-specific 
anaphylactic, as well as precipitin, reactions with relatively purified 
HC1 extracts from Strain S43. Since it was obvious that the type- 
specific M was not completely isolated but that traces of the other 
reactive fractions were almost certainly present, it was possible that 
these results were due to reactions of the latter with their respective 
antibodies which are usually present in antibacterial sera. Experi- 
ment 2 was performed to test this hypothesis. 

Experiment 2 . — Five guinea pigs, 1-1 to 1-5, sensitized with Type S23 anti- 
bacterial sera received intravenous injections of HC1 extract from a strain of 
heterologous type, as shown in Table II. All these animals died in typical ana- 
phylactic shock. In order to determine whether this cross-reaction was due to 
traces of the common nudcoprotein P, Guinea Pigs 1-6 to 1-12 were sensitized 
with a highly potent anti-P serum and were given intravenous injections of the 
extract used in the first part of the experiment. Such slight symptoms resulted 
that P was eliminated as the cause of the cross-reactions in 1-1 to 1-5. The ex- 
tract was next tested for the presence of the other known commonly reactive sub- 
stance, C, by injecting it into guinea pigs sensitized with an antibacterial serum 
of high potency for C antibody. Since none of these animals showed more than 
very slight symptoms, the common C substance was also eliminated as the cause 
of the cross-reactions. 

All surviving guinea pigs (1-6 to 1-16) were tested again, usually on the follow- 
ing day, with suitable homologous extracts. Typical anaphylactic death resulted, 
except in the cases of 1-6 and 1-7 which suffered + -f -f and + -*- shock respectively, 
thus showing that the animals had been effectively sensitized. 

Tabic II shows the cross-reactions of occasional Type S23 anti- 
bacterial sera with certain HC1 extracts from another type. The 
possible explanation that traces of the common substances, P and C, 
were responsible for these non-type-spedfic reactions was eliminated 
in each instance by testing the extract for the presence of P and of C 



TABLE I. 

Anti-M Reactions. 

Type-Specific Anaphylactic Shock with Antibacterial Sera and HCl Extracts. 


Shocked by intravenous injections 


Guinea 

Pig 

Sensitize 

serui 

No. 

d with 

T\* 

Cc. 

Test No. 

Days 

after^ 

sensiti- 

zation 

1 

HCl extract from 
strain’* 

Dose 

M.A.D.? 

. Result 

H-l 

R323 

1.0 

1 

6 

S43 (hom.) 

20.0 

f4.5 min. 

H-2 

It 

1.0 

1 

6 

S39 (het.) 

ra 

zb 




2 

mm 

S43 (hom.) 

H 

|4 min. 

H-3 

R321 

0.5 

1 

■ 

S43 (liom.) 

1.0 

f4.5 min. 

H-4 

“§ 

0.5 

1 

i 

S39 (het.) 


++ 




2 

3 

it ti 

10.0 





3 

4 

S43 (hom.) 

2.0 

f4 min. 

H-5 

Q866 

0.5 

1 

2 

S43 (hom.) 

2.0 

f4 min. 

H-6 

a 

0.5 

1 

2 

S39 (het.) 

2.5 

± 




2 

3 

S43 fhom.) 

2.0 

“H" 

H-7 

Q864 

0.5 

1 

2 

S43 (hom.) 

2.0 

f3 min. 

H-8 

it 

0.5 

1 

2 

S39 (het.) 

2.5 

± 




2 

3 

S43 (hom.) ! 

4.0 

++ 

H-9 

R322 

0.5 

1 

2 

S43 (hom.) 

2.0 

f4.5 min. 

H-10 

it 

0.5 

1 | 

2 

S39 (het.) 

2.5 

db? 




2 

3 

S43 (hom.) 

6.0 

+++ 

H-U 

R324 

0.5 

1 

2 

S43 (hom.) 

2.0 

|4 min. 

H-12 

it 

0.5 

1 

2 

S39 (het.) 

2.5 

=fc? 




2 

3 

S43 (hom.) 

6.0 

f4 min. 

H-l 3 

Q613 

1.0 

1 

1 

S39 (hom.) 

1.0 

f7 min. 

H-14 

it 

1.0 

1 

1 

S43 (het.) 

50.0 

++ 




2 

3 

S39 thorn.) 

2.0 

f3.5 min. 

H-15 

Q317 

1.0 


2 

S39 (hom.) 

1.0 

++++ 





3 

it it 

2.5 

+++ 

H-l 6 

(( 

1.0 

1 

2 

S43 (het.) 

2.0 





2 

3 

S39 (hom.) 

2.5 

++ + 
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by injecting it into guinea pigs sensitized vrith sera of known high 
potency for P and for C antibodies. It was shown previously in the 
reciprocal experiment 1 that “purified” C did not shock guinea pigs 
sensitized with one of the sera which gave cross-reactions in the 
present experiment (Serum R264 used for 1-5). This is further evi- 
dence that C is not the cause of the cross-reactions in the present 
instance. Since this hypothesis proved, therefore, untenable, it was 
necessary to assume either (1) that still another non-type-specific 
substance was present in the antigenic complex of the hemolytic 
streptococcus, or else (2) that the M substance was not strictly type- 
specific but that it might be nearly enough related to M from a different 
type to cross occasionally with an antibody which is chiefly specific for 
the latter. Considerable evidence has been accumulated indicating 
that the second hypothesis is incorrect. A comparison of the it.a.d. 
of different lots of extracts in terms of animals sensitized with homol- 
ogous type serum and of others sensitized with heterologous type 

1 Sec Paper IV of this series, Table VII, G-4 and G-5. 


* Sera R321, R322, R323, and R324 were against Strain S43, Type S60. 
“ Q864 and Q866 “ « « S60, “ “ 

“ Q613 “ Q317 “ “ « S23, “ S23. 

** Strain S43 represents Type SGO. 


“ S39 “ “ S23. 

1 1 I.AJ). of S43 extract in terms of Scrum R321. 

“ “ S39 “ “ “ “ “ R261 or R264. 

§ 6 other guinea pigs sensitized with this serum and tested with varying combi- 
nations of these 2 antigens reacted in the same way. 

In all tables the following symbols are employed: 

— indicates no shod:. 

— ? “ trace of shock. 

~ “ slight shock. 

-r “ mild shock. 

“ moderate shock. 

“ moderately severe shock. 

“ severe shod:. 


+ t 4- -r “ very severe shock. 

t “ animal died, 
horn. = homologous, 
hct. = heterologous. 
m.a.d. = minimal anaphylactic dose. 
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TABLE II. 


Anti-Y Reactions. 

Non-typc-Spccific Anaphylactic Shock with Certain Antibacterial Sera 

and HCl Extracts. 


Guinea pig 


Shocked by intravenous injections of HCl extract from Strain S43, 
Type S60 


Sensitized with 
serum No.* 


Days after 
sensitization 


M.A.D. 

in terms of serum against 

homologous heterologous 
Type S60 Type S23 


Result 


Antibacterial sera giving cross-reactions with HCl extracts from a strain of another type 


1-1 

Q30S 

2 

2 

2 

f4 min. ^ 

1-2 

It 

4 

20 

1.3 

f4 " 

1-3 

R261 

6 

2 

2 

f4.5 “ 

1-4 

tt 

1 

2 

2 

t3 “ 

1-5 

R264 

2 : 

2 

2 

1 6 ** 


Pure Anti-P sera 


1-6 

R500 

i 

6 

2.5 j 

2.5 

+ 

1-7 

tt 

3 

10 

10 


1-8 

It 

1 

10 

10 

+ 

1-9 

it 

1 

10 

10 

+ 

1-10 

<c 

1 

2 

2 

+ 

1-11 

R594 

1 

2 

2 


1-12 

a 

3 

10 

10 



Antibacterial serum containing C antibody 


1-13 

R446 

1 

1.3 | 

1 

+ 

1-14 

tt 

2 

15 

1 

+? 

1-15 

tt 

1 

1 

1- 

d= 

1-16 

tt 

2 

?** 

3 

zfc 


* Guinea Pigs 1-1, -2, -3, -5, -6, -11, -12 were sensitized with 1 cc. of serum; all 
others with 0.5 cc. 

R500 was an anti-P serum against P from Strain S39, Type S23. 

R594 “ “ “ “ “ “ “ « S43, “ S60. 

All others were antibacterial sera: 

R446 was against Strain S3, Type S3 
Q30S “ « “ S23, “ S23. 

R261 “ “ “ S39, “ “ 

R264 “ “ “ « « « 

** HCl extract from Strain S39, Type S23, given to this animal. 
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sera shows wide variation. For example, with the extract used to 
test Guinea Pig 1-1, the m.a.d. in terms of Type S23 and Type S60 
sera was the same, while with an extract from the same strain pre- 
pared at another time (used for 1-2) the m.a.d. in terms of heterologous 
Type S23 serum was fifteen times the m.a.d. in terms of homologous 
Type S60 serum. This difference in degree of heterologous activity of 
different lots of extract seems significant in indicating that M itself 
is not responsible for the cross-reaction, but rather that some non- 
type-specific substance, also extracted at times by HC1, is the cause of 
these atypical reactions. 

The following experiment shows the effect of tryptic digestion on 
the anaphylactic reactions of this so called Y substance as well as its 
effect on the type-specific M. 

Experiment 3 . — A concentrated HC1 extract from Strain S43 was digested 
with 0.5 per cent trypsin for 50 minutes with the technique previously described. 1 
Controls with heated trypsin were included. Guinea Pig 0-1, sensitized with 
serum prepared against Strain S43, served as control and died in acute anaphy- 
lactic shock on injection of 1 m.a.d. of the undigested extract (containing heated 
trypsin). Guinea Pig 0-2, on the contrary, sensitized in the same way, was 
unaffected by the same dose of digested extract, although it was proved sensitive 
by injection on the next day of the same amount of untreated extract which 
resulted in typical anaphylactic death. 

The same solution, known to give cross-reactions characteristic of the non- 
typc-spccific Y, was tested in Guinea Pigs 0-3 and 0-4, sensitized with serum 
prepared against a heterologous type strain. The control, 0-3, died of ana- 
phylactic shod: when given 1 m.a.d. of the undigested extract, while 0-4 suffered 
no shock from the same amount of digested extract. On the following day, how- 
ever, 0-4 was killed by 1 m.a.d. of untreated extract, thus proving that it was 
sensitive. Table III shows these results. 

The results of this experiment were clear. Tryptic digestion de- 
stroyed the type-specific M contained in S43 HCI extract, as shown by 
the failure of the digested material to shock 0-2, which had been 
sensitized with the homologous scrum. The animal was sensitive, for 
it was killed by subsequent injection with untreated extract. The 
control animal, 0-1, which received the undigested (heated trvpsin) 
extract, died in o minutes. Similar results were obtained when the 

’■ Experiment 3 described in Paper II of this scries. 
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digested and the undigested S43 HC1 extracts were tested in guinea 
pigs sensitized with heterologous Serum R264: the digested extract 
did not affect 0-4 (although subsequent injection with untreated 
extract caused acute anaphylactic death), while the undigested con- 
trol extract was still effective in shocking Guinea Pig 0-3. Like all 


TABLE III. 

Tryptic Digestion of HCl Extracts Containing M and Y; Effect on 
Anaphylactic Shock. 



Sensi- 

tized 

with 

scrum 

Shocked by intravenous injections oi 1 to 1.5 M.A.D. 

Guinea 

pig 

Test 

No. 

Pays 

after 

HCl extract , 

i 

Result 

Probable 
chief cause 
of reaction 


No.* 

f 

sensiti- 

zation 

, . i 

from strain:' | 

treated with: j 

To show tryptic digestion of M 

0-1 

R322 

1 

i 

S43 (hom.) 

Inactive tiyp- 

f3 min. 

M 






sin 



0-2 

<( 

1 

i 

it (( 

Active tryp" 

— 1 

— 



2 

2 

u u 

sin 

f4 min. 

M 

To show tryptic digestion of Y 

0-3 

R264 

1 

1 

S43 (het.) 

Inactive tryp- 

f3.5 min. 

Y 

' 

■ 




sin 



0-4 

it 

1 

1 

it U 

Active tryp- 

— 

— 



2 

2 

ti it 

sin 

|14 min. 

Y 


* Guinea pigs sensitized with 0.5 cc. of serum. 

Serum R322 was an antibacterial serum from a rabbit immunized with Strain 
S43, Type S60; Serum R264 was an antibacterial serum from a rabbit immunized 
with Strain S39, Type S23 

the other anaphylactic tests, this corroborated the previous experi- 
ments, the results of which were tested only by the precipitin reaction, 
and was further evidence that these two fractions were proteins. It 
did not, however, serve to show that this extract really contained two 
substances. The following absorption experiment differentiated 
them in such a way as to remove the doubt as to the existence of Y. 
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Experiment 4 . — Three guinea pigs, sensitized with untreated serum from 
Rabbit R261, were used as controls on the activity of the extracts: J-l died when 
tested with HC1 extract from a heterologous strain, while J-2 and J-3 also died 
when tested with HC1 extract from the homologous strain. Three other guinea 
pigs, J-4 to J-6, were sensitized with the same serum which had been absorbed 
by the technique previously described (2) with a strain (S24) known to be heterol- 


TABLE IV. 

Antibacterial Serum, R261, Rendered Type-Specific in Its Anaphylactic Reactions 
by Absorption with Heterologous Bacteria, Strain S24. 


Guinea 

pig 

Sensitij 

:ed Trxtii Sen m R261* 

Shocked by in venous injections 

Cc. 

Preliminary treatment 
of serum 

Te<t 

No. 

T>zys 

after 

sensiti- 

zation 

HCl extract fronj 
strain 

Dose 

M-A.D. 

*• 

Result 

m i 

m 

Xone (control) 

n 

t 

S43 (het.) 

1 2 

13 min. 

H 

H 

« tt J 

fl 

t 

S39 (hom.) 


too “ 


B 

« « 5 

t 

i 

It tt 

B 

15 " 

J-4 


Absorbed 

1 i 

1 

S39 (hom.) i 


0.-1— f. 

J-5 


it 

i 

t 

S43 (heL) 

2 






2 

2 

S39 (hom.) 

2- 


J-6 

0.45 

it 

i 

1 

S43 (het.) 

10 






2 

2 

S39 (hom.) 

2-r 

13.5 hrs. 


* Scrum R261 was from a rabbit immunized with Strain $39, Type S23. 

** All M.AJ). in terras of Serum R261. 

X J-2 controls J-4 and J-5. 

5 J-3 “ J-6. 

ogous to all the other strains used in this experiment. J-4, tested with the homol- 
ogous HC1 extract, suffered severe shock but recovered since too small a test dose 
was used; J-S and J-6 were first tested with the same heterologous extract which 
had killed J-l , but they were unaffected by it. The next day, however, they 
succumbed to homologous IIC1 extract, thus showing that they had been s ens itized. 
All necessary controls were negative. Table TV summarizes the results. 

The scrum used in this experiment sensitized animals to shock with 
heterologous HC1 extracts, but after it was absorbed with entirely 
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heterologous bacteria, it induced only type-specific anaphylactic 
reactions. Guinea Pigs J-5 and J-6, sensitized with absorbed serum, 
withstood respectively 2 and 10 h.a.d. of heterologous HCI extract. 
Subsequent injection on the following day with the homologous 
extract resulted in acute anaphylactic death in the case of J-5 and in 
delayed death in the case of J-6, which, however, had been sensitized 
with only half as much absorbed serum as the other animals. The 
absorption method, therefore, eliminated the confusing cross-reactions 
and brought out type-specific anaphylactic as well as precipitin re- 
actions, thus showing that M and Y must be different substances. 

Tables V to VIII, inclusive, show how much was accomplished to- 
wards demonstrating type-specific anaphylactic reactions in this 
serum and in others which crossed with heterologous HCI extracts, by 
the method of desensitizing guinea pigs with extracts of various kinds 
and subsequently testing with the homologous extract containing M. 
This in vivo saturation of antibodies was comparable, in part, to the 
in vitro absorption described above. The results are somewhat com- 
plicated in this instance, however, by the necessity of using extracts 
which, although they contained one reactive substance in excess, 
contained in addition traces of others as impurities. Table V shows 
desensitization with one of these extracts. 

Experiment 5 . — Guinea Pigs K-l, K-2, and K-3 were sensitized with antibacterial 
serum, R261, the same serum used in absorption experiment, No. 4. On the 
following day at hourly intervals, five subcutaneous injections each of 10 mg. 
of NaOH extract (chiefly P) from heterologous Strain S3 were given to K-2 and 
K-3. 1 hour after the last injection, 20 mg. of this heterologous extract, given 
to K-2 intravenously, caused no symptoms, although 10 mg., given to the sensi- 
tized but otherwise untreated control K-l, caused typical anaphylactic death. 
At the same time, 20 mg. of the homologous NaOH extract (containing M as well 
as P) caused immediate death when given intravenously to the treated K-3. 

This simple experiment showed that a sensitized guinea pig (K-2) 
was desensitized by subcutaneous injections of P so that it no longer 
reacted to twice the amount of P required to kill a similarly sensitized 
animal (K-l) which had not received these subcutaneous injections. 
Guinea Pig K-3, desensitized in the same way as K-2, was, however, 
killed by 20 mg. of homologous NaOH extract. Since this always 
contained the type-specific M, in addition to P, the experiment showed 
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that desensitization to P was accomplished by subcutaneous injections 
of P without desensitizing the animal to homologous M. 

The effect of such desensitization with NaOH extracts on subsequent 
shock with HC1 extracts was tested in Experiment 6. 

TABLE V. 

Antibacterial Scrum, R261, Rendered Type-Specific in Its Anaphylactic Reactions. 
Effect of Desensitizing with Heterologous NaOH Extract on Subsequent Shock 
with Heterologous and with Homologous NaOH Extract. 


Guinea pigs sensitized with 0.5 cc. of serum, R261, from a rabbit immunized 
with Strain S39, Type S23. 




Stocked by intravenous injections 1 day after sensitization 

Guinea 

pis 

Desensitization of guinea pig 
prior to intravenous injections 

NaOH extract 
from strain 

Dose 

Result 

_ U 
u C 
“ c 

u 

J^o 
*1 " - 
1*1 5*2 

£ u — 

Remarks 




nt. 




K-l 

None (control) 

S3 (het)* 

10** 

fll min. 

p 


K-2 

3 subcutaneous injections 1 
totaling 50 mg. (5 
M.A.D.) of NaOH ex- 
tract from heterologous 
strain, S3, 1 day after 
sensitization 

« It 

20 

±?J 


Desensitized 

toP 

K-3 

Same as K-2 

S39 (hom.) 

20 

j4 min. 

M 

Not desensi- 
tized to 
hom. M 


* Strain S3 represents Type S3. 

“1 M.A.D. 

t A subsequent test on this animal with homologous M (HCl extract), follow- 
ing a test immaterial to this experiment, resulted in severe shock. 

Experiment 6. Guinea Pigs L-l to L-4 were sensitized with another Type S23 
scrum which induced cross- anaphylactic reactions with HCl extracts from a 
heterologous type. L-l and L-2 were controls on the activity of the extracts: 
L-l succumbed to an intravenous injection of heterologous HCl extract and L-2 
to homologous HCl extract. 2 days after sensitization at hourly intervals L-3 
and L-4 v.crc given subcutaneous and intrapcritoncal injections of NaOII cx- 
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tracts from a heterologous strain increasing in dosage from 5 mg. to 16.5 mg. until 
a total of 50 mg. had been administered. The following day the heterologous HC1 

TABLE VI. 

Antibacterial Scrum, R264, Rendered Type-Specific in Its Anaphylactic Reactions. 
Effect of Desensitizing with NaOE Extract, from a Strain Heterologous to the 
Scrum and to All Test Extracts, on Subsequent Shock with Heterol- 
ogous and with Homologous HCl Extracts, 

Guinea pigs sensitized with 0.5 cc. of serum, R264, from a rabbit immunized 
with Strain S39, Type S23. 


Shocked by intravenous injections 


Guinea pig 

Desensitization of guinea 
pig prior to intrave- 
nous injections 

Test No. 

a 

o 

VI 

u 

<y 

£ 
« o 

si 

HCl extract from 
strain* 

Dose 
M.A.D. 
in terms 
of serum 
No.** 

3 

<u 

& 

Probable chief 

cause of reaction 

Remarks 

R 

264 


L-l 

None (control) 

1 

2 

S43 (het.) 

2 

2 

f6 min. 

Y 


I>2 

U U 

1 

1 

S39 (hom.) 

1 

0 

f5 “ 

M 


L-3 

5 subcutaneous and 

1 

3 

S43 (het.) 

2 

2 



-i 

L-3 and L-4 


intraperitoneal in- 








show a cer- 


jections, totaling 








tain 


50 mg. (5 m.a.d.) 








amount of 


of NaOH extract 








desensiti- 


from heterologous 








zation to Y 


Strain S3, 2 days 








but not to 


after sensitization 








hom. M 

L-4 

Same as L-3 

1 

3 

<( « 

4 

4 

~| j }- 

Y 




2 

4 

S39 (hom.) 

5 

0 

f3.5 min. 

M 



* Strain S3 represents Type S3. 

“ S43 “ “ S60. 

“ S39 “ “ S23. 

** Serum R264 was against Strain S39, Type S23. 

“ R321 “ “ “ S43, « S60. 

1 Found dead next morning; blood culture sterile. 

extract was titrated by giving the desensitized guinea pigs injections of 2 and 4 
m.a.d. of this extract. The smaller dose produced no shock in L-3, and the 
larger dose produced moderately severe, but not fatal, shock in L-4. The latter 
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animal was killed by 5 m.ajd. of homologous HC1 extract given intravenously the 
next day. 

This experiment showed that NaOH extracts contained substances 
which could desensitize guinea pigs to a certain extent to shock with 
heterologous HC1 extract containing the non-type-spedfic Y. It 
seems probable that this is due to the presence of the Y substance in 
both extracts. A similar experiment was performed with another 
Type S23 serum, as shown in Table VII. 

Experiment 7 . — This experiment differed from Experiment 6 in the use of 
Type S23 serum prepared against another strain. The first four animals sensi- 
tized with this serum served as controls on the activity of the extracts. M-5 
was desensitized by subcutaneous and intraperitoneal injections of NaOH extract 
from an entirely heterologous strain by the same method as L 3 and L-4 in the 
last experiment. The following day it survived an injection of more than 2 
ii.A.D. of heterologous HC1 extract but was killed on the next day by the homolo- 
gous HC1 extract. M-6 was desensitized by one intravenous injection of 10 mg. 
of heterologous NaOH extract, a usually fatal dose, which did not kill this animal. 
The following day it showed very slight symptoms on injection of heterologous 
HC1 extract but died the next day after an injection of homologous HC1 extract. 
See Table VII for details of the experiment. 

In this experiment, which is similar to Experiment 6, desensitization 
with entirely heterologous NaOH extract given subcutaneously and 
intrapcritoneally or intravenously, resulted in some degree of desen- 
sitization with respect to the heterologous HC1 extract which previously 
had killed animals sensitized with this serum. These animals, how- 
ever, were not desensitized to the homologous HC1 extract, for both 
were killed by intravenous injections of homologous HC1 extracts, 
which in the case of M-6 was in a dose comparable in size to the dose 
of heterologous HC1 extract used on the preceding day. Here again 
the desensitization was probably due to Y contained in both NaOH 
and HC1 extracts. 

In the next experiment the animals were desensitized by prelimi- 
nary injections of heterologous HC1 extract instead of NaOH extract 
and the effect of desensitization tested for both these extracts as well 
as for the homologous HC1 extract. 

Experiment S. A series of guinea pigs was sensitized with 1 cc. of the same 
serum used in the last experiment. Two of these animals served as controls on 
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TABLE VII. 

Antibacterial Scrum, Q30S, Rendered Type-Specific in Its Anaphylactic Reactions. 
Effect of Desensitizing with NaOE Extract, from a Strain Heterologous to the 
Scrum and to All Test Extracts , on Subsequent Shock with Heterol- 
ogous and with Homologous HCl Extracts. 

Guinea pigs sensitized with 1 cc. of serum, Q308, from a rabbit immunized with 
Strain S23, Type S23. 


Shocked by intravenous injections 


‘5. 

rt 

u 

Desensitization o! guinea pig 
prior to intravenous 
injections 

. 

£ 

C 

4) 

to 

O C 
— o 
ei’ZZ 
£ N 

Extract from 
strain' 

U 

cs 

M 

o 

o 

Dose 
M.A.D. 
in terms 
of serum 
No." 

Result 

C 

.2 

•d o 
u u 

js'e 

•§s 

*3 

O 


a 

rt — * 

Q 


a 

B 

Q30S 

R322 


•oS 

(U ° 

M-l 

None (control) 

i 

2 

S43 (het.) 

HCl 

1 

7.5 

|4 min. 

Y 

M-2 

u tt 

i 

3 

S3 " 

NaOH 

lit 

1 

f3.5 “ 

P 

M-3 

U (( 

1 

2 

ii it 

tc 

Ida 

1 

tso « 

U 

M-4 

<< « 

i 

1 

S39 (hom.) 

HCl 

1 

o 

f4 “ 

M 

M-S 

5 subcutaneous and in- 

i 

2 

S43 (het.) 

« 

2.7 

20 


— 


traperitoneal injec- 
tions, totaling 150 mg. 
(15 m.a.d. ), of NaOH 
extract from heterolo- 
gous Strain S3, 1 day 
after sensitization 

2 

3 

S39 (hom.) 

a 

10 

0 

t3.5 min. 

M 

M-6 

None 

1 

3 

S3 (het.) 

NaOH 

ldat 

1 

++ 

P 


(desensitized by intra- 

2 

4 

S43 " 

HCl 

1.3 

10 

ziz 

Y 


venous injections) 

3 

5 

S39 (hom.) 

« 

1.5 

0 

|30 min. 

M 


* Strain S3 represents Type S3. 
“ S43 “ “ S60. 

“ S39 “ “ S23. 


** Serum Q30S was against Strain S23, Type S23. 

“ R322 “ “ » S43, S60. 

t 10 mg. 

the effectiveness of the antigens; N-l was killed by an intravenous injection of 
2 m.a.d. of heterologous S43 HCl extract, and M-4 by 1 m.a.d. of homologous S39 
HCl extract. 














■R. C. LAXCEIXELD 


871 


Guinea Pig N-3 was desensitized 2 days after sensitization by subcutaneous 
injections of 15 m.a.d. (in terms of both homologous and of heterologous sera) 
of heterologous S43 HC1 extract. The next day this animal gave practically 
no reaction to an intravenous injection of 4 M.Am. of the same extract, while it 

TABLE VUI. 

Antibacterial Serum, Q308, Rendered Type-Specific in Its Anaphylactic Reactions. 
Efiecl oj Desensitizing mtk Heterologous HCl Extract on Subsequent Shock mfh 
Heterologous NaOH Extract and with Heterologous and Homologous HCl Extracts. 
Guinea pigs sensitized with 1 cc. of serum, Q308, from a rabbit immunized 
with Strain S23, Type S23. 


Shocked by intravenous injections 


to 

'c. 

rj 

Desensitization of guinea pig 
prior to intravenous 
injections 

o 

£ 

C 

u 

Wi 

5 e 
a c 
a 

Extract from 
strain* 

u 

X 

o 

*3 

Dose* 
M.A.D. 
in terms 
of serum 
So. 

Result 

2S 

~ u 

U — 

•~*c 
*5 " 

*3 

o 


«r\ 



U 

m 

m 


*£ rt 
£ u 

N-l 

None (control) 

1 

2 

S43 (het.) 

HCl 

2 

2 

14 min. 

Y 

M-4 

II II 

1 

1 

S39 (bom.) 

II 

1 

0 

14 “ 

M 

N-3 

3 subcutaneous injec- 

1 

3 

S43 (bet.) 

II 

4 

4 


Y 


tions, totaling 15 
xi.a.d. of S43 HCl ex- 
tract 2 days after sen- 
sitization 

2 

4 

S39 (hom.) 

II 

5 

0 

14 min. 

M 

N-4 

None 

1 

2 

S43 (het.) 

II 

0.7 

5 

+ 4- 

Y 


(desensitized by intra- 

2 

4 

It II 

II 

4.7 

35 


_ 


venous injections) 

3 

5 

S3 “ 

NaOH 

2— 

2** 







4 


S39 (hom.) 

HCl 


0 

122 min. 

M 


* See foot-notes * and **, Table YH. 

** 20 mg. See Guinea Pigs M-2, M-3, and M-6, Table VC, for controls on the 
m.a.d. of this extract. 


died in 4 minutes on the following day after an intravenous injection of 5 ii.ajd. 
of homologous S39 HCl extract. 

Guinea I’ig X-4 was desensitized by intravenous injections of heterologous S43 
HCl extract. 2 days after sensitization, 0.7 m.a.d. of this solution caused 4- 4- 
shock; 2 days later 4.7 m.a.d. of the same solution produced no effect; and the 
next day, 2 m.a.d. ol NaOH extract from an entirely different strain, S3, caused 
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no symptoms. On the following day, however, the animal died a typical ana- 
phylactic death, though delayed to 22 minutes, following an intravenous injection 
of 5 M.A.D. of homologous S39 IiCl extract. Table VIII gives these results. 

This experiment was the reciprocal of Experiments 6 and 7. In 
the latter, heterologous NaOH extract was used to desensitize against 
HC1 extract from a heterologous strain of still another type. In 
Experiment 8 the reverse procedure was employed: the heterologous 
HC1 extract was used to desensitize against the NaOH extract. In 
both instances, a certain degree of reciprocal desensitization was 
obtained without as much desensitization for the homologous HC1 
extract. These sera, with which it had previously been impossible 
to demonstrate type-specific anaphylactic reactions, were, therefore, 
rendered type-specific in that the desensitized animals reacted slightly, 
or not at all, with several multiples of the m.a.d. of heterologous 
extracts and were killed by similar, or even smaller doses, of homol- 
ogous extracts. 

If no other evidence were available, the cross-desensitization be- 
tween NaOH extracts and HC1 extracts could be explained as due to 
the presence in both solutions of the non-type-specific substances, C 
and P, but it has already been shown in Experiment 2 that the cross- 
reactions of the HC1 extracts cannot be due to C or to P. Since the 
desensitization does not prevent the reaction with the homologous 
extracts, it seems improbable that it could be accounted for as non- 
specific reduction of reactivity such as is occasioned by injection of 
peptones or other foreign proteins. The correct explanation, 
therefore, seems to be the assumption of this other non-type-specific 
substance, Y, in extracts of the hemolytic streptococcus. 

DISCUSSION. 

Type-specific anaphylactic reactions were easily obtained with the 
protein, M, (HC1 extract) when injected into guinea pigs passively 
sensitized with most of the antibacterial sera used in these experiments. 
Four sera produced by immunizing rabbits with strains of one type 
were, however, encountered, which caused non-type-specific anaphy- 
lactic death in passively sensitized guinea pigs when HC1 extract from 
a strain of another type was used for the intoxicating injection. In 
order to obtain type-specific anaphylactic shock in guinea pigs pas- 
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sively sensitized with these sera, it was necessary either (1) to absorb 
the ser um with heterologous bacteria or (2) to desensitize the passively 
sensitized guinea pigs with heterologous extracts. Since the HC1 
extract responsible lor these atypical reactions did not cause reactions 
in guinea pigs sensitized vrith potent anti-P sera or with sera potent 
in C antibody and, conversely, since the C substance did not cause 
reactions with these atypical antibacterial sera, it was necessary to 
assu m e that another non-type-specific substance was present in HC1 
extracts and in the hemolytic streptococcus itself. The additional 
fact that this so called Y substance was digested by trypsin, while C 
was not, eliminated the possibility 7 that C and Y were the same sub- 
stance. Reciprocal desensitization experiments with heterologous 
NaOH extracts and with the HC1 extract which gave the atypical 
crossing, showed some cross-desensitization for these heterologous 
extracts though not for homologous, a fact probably explainable as 
due to the presence of varying mixtures of all the non-type-specific 
substances in these extracts. 

Active sensitization was not accomplished with M although numer- 
ous attempts were made under varying conditions, a result which 
agrees with another negative result, namely, the failure so far to im- 
munize rabbits with this substance. In both instances, however, the 
failure must be taken with reserve, since it is possible that some 
change in technique might reverse the result. Active sensitization 
with Y (as contained in HCl extracts) was not observed. 

A certain amount of additional information as to the nature and 
relationships of some of the reactive substances contained in the 
hemolytic streptococcus has been obtained by the use of the anaphy- 
lactic reaction. It is certain that the type-specific AI produced typical 
anaphylactic shock in passively sensitized guinea pigs. A priori, this 
fact might be considered an indication that the M substance could 
function as an antigen in inducing antibody production: actually, all 
immunization experiments with rabbits and active sensitization 
experiments with guinea pigs yielded negative results. But in view of 
the additional evidence that C, which seems to be carbohydrate in 
nature, also shocked passively sensitized guinea pigs and never gave 
evidence of antibody stimulation, it seems probably that these two 
substances arc haptens which react with antibodies produced by the 
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intact bacteria, when tested by means of the precipitin reaction and 
the passive anaphylactic reaction, but that they have no power to 
elicit antibodies themselves. 

The facility with which acute anaphylactic death was produced by 
injecting bacterial extracts into passively sensitized guinea pigs was 
striking. Several factors are probably involved. Many investigators 
have found it necessary to resort to the Dale method with the excised 
uterus on account of the primary toxicity of the extracts to be tested. 
Zinsser and Parker (3) found this true in working with extracts of 
typhoid bacilli, and later Zinsser and Mallory (4) had the same experi- 
ence with pneumococcus extracts and even with that method found 
that the margin between the dose which caused reactions in the normal 
uterus and that which caused it in the sensitive uterus was not so 
great as in anaphylaxis with egg albumin or with horse serum. With 
the hemolytic streptococcus, however, such difficulties fortunately 
were not encountered, and normal guinea pigs did not react to many 
multiples of the test doses. The fact that relatively large amounts of 
concentrated extracts were available and that the serological activity, 
as well as the number and kind of substances present, was capable of 
titration in most instances contributed to the success of these experi- 
ments. An analysis of the antibodies present in the immune sera used 
for passive sensitization was also made by means of the precipitin test, 
with the result that sera with known antibody content were used in 
the anaphylactic experiments and the control of the results was, 
therefore, increased. 


SUMMARY. 

1. Type-specific anaphylactic shock was produced with HC1 
extracts of Streptococcus hxmolyticus in guinea pigs passively sensi- 
tized with antibacterial sera. 

2. With occasional sera and certain HC1 extracts, type-specific shock 
was not produced unless the serum was first absorbed with hetero- 
logous bacteria or unless the guinea pigs were desensitized with hetero- 
logous extracts before testing with the homologous extract. The 
findings indicated that this was due to the presence of the non-type- 
specific substance which has been provisionally designated as Y. 

3. Tryptic digestion destroyed the ability of HC1 extracts containing 
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the type-specific M substance and the non-type-specific Y substance 
to produce anaphylactic shock in passively sensitized guinea pigs. 

4. Active sensitization was not accomplished with the type-specific 
M. It seems probable, therefore, that this substance is a hapten, 
reacting with antibodies but not stimulating their production after 
separation from the bacterial cell. 
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THE PROPERTIES OF THE BACTERICIDAL SUBSTANCE IN 

MILK. 

By F. S. JONES, V.M.D. 
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From the work of many it has been established that fresh raw 
milk will inhibit for a time the growth of a variety of organisms. 

Thus Hesse (1) noted that raw milk suppressed the growth of B. typhosus and 
the cholera vibrio. Park (2) recorded a decrease in the number of organisms in 
mill: stored at 42 5 F. for 24 hours, a moderate increase being found when the sample 
was kept at 50°F. The inhibitors- property became less efficient when the milk 
was kept at room temperature. Rosenau and McCoy (3) likewise studied the 
phenomenon and concluded that there is diminution in the number of organisms 
during the first 8 or 10 hours of incubation with a rapid growth thereafter. The 
action was more prolonged but less intense at 15°C. Jones and Little (4) working 
with the mastitis streptococcus always recorded definite inhibition during the 
first 4 hours of incubation and frequently multiplication did not take place during 
0 or 8 hours. 

Many views have been advanced in explanation of the phenonenon. 
Most workers favor the opinion that the milk substance is identical 
with blood alexin and is directly derived from the blood. On the other 
hand Rosenau and McCoy suggest that the lower counts after incuba- 
tion in raw milk are explicable on the ground of agglutination and he 
infers that phagocytosis by leucocytes contained in milk may be in 
part responsible for the decrease. 

Stocking (5) suggests that the lack of adaptation for growth in milk of the 
organisms employed in the experiments may be responsible for the phenomenon. 
Others believe that milk contains a definite bactericidal substance. This view 
may be said to be supported by Ilcincmann (6), Chambers (7). Hansscn (S), and 
Jones and Little. Hansscn explains the bacterial growth -inhibitory principle on 
the basis of the presence of oxidizing enzymes which originate in' the food and 
reach the udder from the circulation. Jones and Little regard the substance as 
one resembling alexin but originating in the udder and differing from blood alexin. 

87? 
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From the work of others and previous work done in this laboratory 
sufficient evidence exists that there is in cow’s milk a substance which 
is capable of restraining the growth of certain bacteria for definite 
periods. Little is known concerning the properties of the growth- 
inhibitory principle. Heinemann showed that it was destroyed when 
boiled or heated to 60°C. for 30 minutes. Chambers noted destruction 
at 80° or 90° C. for 2 minutes. Hanssen records that milk heated at 
63°C. for 20 minutes and 70°C. for 15 minutes still retained its in- 
hibitory activity although 75°C. for 15 minutes inactivated the sub- 
stance. Jones and Little found that 62°C. for 20 minutes failed to 
appreciably affect the substance although 65° or 70°C. for like periods 
slightly altered its effectiveness; 80°C. for the same period, or boiling 
for 5 minutes completely inactivated it. They also showed that 
whey from milk coagulated by rennet contained the inhibitory prin- 
ciple in practically the same concentration as the original milk. 

With the aim of obtaining more information about the principle 
a number of observations were made. . 

Method. 

Since the methods used in the previous work had proved satisfactory the same 
general procedure was adopted. The milk was drawn directly from the cleansed 
udder, chilled, centrifuged at high speed and thus largely freed of fat, and heated at 
5S°C. for 20 minutes. Heating is usually advisable to rid the milk of organisms 
originating in the udder. After chilling it was distributed in amounts of 1 cc. into 
sterile agglutination tubes containing a glass bead. The tubes were then inocu- 
lated with a standard loop of 16 hour broth culture, diluted 1:200, of the non- 
hemolytic mastitis streptococcus, and incubated. All tubes were shaken at half- 
hourly intervals during the observations. For control purposes a portion of the 
milk or whey was boiled for 5 minutes and distributed and inoculated in the same 
manner. The contents of each tube was plated after definite intervals with 10 
cc. of 2 per cent agar prepared from veal infusion. The plate cultures were in- 
cubated for 24 hours at 3S°C. and the colonies counted. 

I 

Time of M axiinum Concentration. 

It is known that the concentration of the substance in the milk of 
young cows may be as great as in older cows. However, it is not 
known how soon after parturition it reaches its maximum in the 
secretion. In answer to this question the following observation is 
cited. 
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Experiment 1 . — The colostrum and milk from cows were tested. A sample 
was obtained daily and refrigerated at 2-3 °C. until three were on hand. They 
were then tested. The milk and colostrum in this experiment were heated at 60°C. 
for 20 minutes before they were inoculated. The protocol in Table I represents 
the findings in one instance. 


TABLE I. 

The Eject of Colostrum and Milk during Early Lactation on the Mastitis 

Streptococcus. 


Streptococci present after incubation at 3E’C. 



At once 

After 

2 fars. 

After A bn. 

After 6h«. 

After 8 hn. 

Day of parturition 

1,152 

1,404 

11,456 

Innumerable 

Innumerable 

“ after “ 

960 

768 

1,536 

15,296 

92,160 

2 days after parturition 

960 

896 

7,168 

69,220 

Innumerable 

Control, 3 samples combined 

1,218 

4,564 

Innumerable 

Innumerable 

it 

and boiled 






3 days after parturition 

1,024 

832 

2,880 

10,816 

40,896 

4 “ <> 

1,024 

896 

1,472 

72,232 

Innumerable 

S “ “ “ 

960 

896 

7,16S 

69,220 

it 

Control, 3 samples combined 

1,218 

6,592 

Innumerable 

Innumerable 

tt 

and boiled 






0 days after parturition 

1,088 

1,024 

2,368 

9,40S 

34,560 

7 " “ 

1,216 

894 

1,152 

3,392 

25,792 

g It It tt 

1,152 

1,216 

960 

2,048 

28,800 

Control, 3 samples combined 

1,344 

3,860 

51,840 

Innumerable 

Innumerable 

and boiled 







From the protocol given in Table I it is apparent that the inhibitory' 
principle is present in the colostrum of the 1st day but is not quite as 
effective as after a few days. This is not surprising since colostrum 
is largely an accumulated product composed to a considerable extent 
of blood scrum proteins. The inhibitory action of the blood derivative 
would be inactivated at the temperature (60°C.) to which the colos- 
trum and milk were subjected before the tests. During the first 4 
or 5 days the concentration in the secretion of the inhibitory principles 
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is more or less variable. After this time the results are more uniform. 
From the findings at later periods, not recorded in the protocol given, 
it is certain that the principle is present in about its maximum activity 
after the 6th or 7th day. 

Distribution in the Quarters of the Udder. 

It seems logical to assume that the amount of the inhibitory prin- 
ciple would be relatively uniform in the secretion from the various 


TABLE II. 

The Effect of Milk from Various Quarters on the Growth of the Mastitis Streptococcus. 



Streptococci present 

At once 

After 

2 hrs. 

After 4 hrs. 

After 6 lirs. 

KS&I 

Cow 82 

Right fore quarter 

576 

704 

704 

1,152 

37,440 


Left “ 

ti 

704 

768 

640 

1,792 

57,600 


Right hind 

tt 

640 

512 

76S 

576 

15,552 


Left “ 

t t 

640 

640 

5,632 

Innumerable 

Innumerable 

“ 07 

Right fore 

tt 

704 

704 

76S 

1,600 

72,000 


Left " 

tt 

576 

704 

2,112 

14,400 

Innumerable 


Right hind 

tt 

704 

576 

1,0SS 

3,136 

S6,400 


Left “ 

tt 

576 

576 

2,048 

57,600 

Innumerable 

All sai 

nples combined 

and 

640 



Innumerable 

tt 

boiled 








quarters. That this is not altogether true is evident from the next 
experiment. 

Experiment 2 . — The milk from each quarter of two cows was drawn into separate 
bottles. It was chilled, centrifuged to free it from fat, and heated at 60°C. for 
20 minutes; then distributed and inoculated with the usual amount of dilute 
broth culture. Plate cultures were prepared as usual and the plates counted 
after suitable incubation. The results are given in Table II. 

From the evidence submitted in Table II it is clear that the concen- 
tration of the inhibitory substance in the secretion from various 
quarters varies considerably. In the case of Cow 82 milk from the 
right hind quarter completely inhibited growth during the first 6 
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hours and considerable inhibition was noted during 8 hours. The 
milk from the left hind quarter inhibited during the first 2 hours but 
not thereafter. That from the other quarters was more efficient in 
this regard but not equal to that obtained from the right hind quarter. 
The same is true of the milk of Cow 07, the milk from the right fore 
quarter being more inhibitory than that from the others. It would 
appear that the milk from the right half of the udder contained more 
of the principle than that from the left. The secretion from four 
other cows showed similar variations. One might suppose the 
difference to be due to such factors as a more liberal inflow of blood 
serum to certain quarters or to an expenditure of the principle upon 
bacteria within the udder. But when the serum content of the milk 
specimen is measured by serum precipitin marked differences are not 
apparent. Furthermore the milk from a quarter invaded with 
streptococci may be equally as efficient in inhibiting growth under 
experimental conditions as that from uninvaded quarters. 

Reactivation of the Principle. 

If the inhibitory principle in milk is of amboceptor-complement 
nature, then it should be possible to inactivate it by heat and restore 
the activity by the addition of a little fresh milk. In order to test 
this point the following experiment was devised. 

Experiment 3 . — Milk from a single cow was obtained as usual. After freeing 
of fat, it was distributed in sterile tubes in amounts of 9 cc., and all tubes heated 
at 5S°C. for 20 minutes. After chilling, two tubes were heated at 60°C. for 2\ 
hours, two others at SO’C. for 20 minutes, and a fifth was boiled for 5 minutes. 
1 cc. of the milk heated at 5S°C. for 20 minutes was added to the contents of one 
tube of mill: which had been heated at OO'C. for 2\ hours, and a similar amount 
added to one of the tubes heated for 20 minutes at S0°C. The various portions 
were distributed in the small tubes and inoculated and tested as usual. The 
complete series then comprised milk heated at 5S = C. for 20 minutes; two lots of 
milk heated for 2} hours at 60’C., to one of which active milk was added; two lots 
of milk heated at fO'C., one of which was activated; and the boiled milk. The 
results of the tests arc given in Table III. 

The experiment was repeated with similar results. It is evident 
that 00’C. for 21 hours does not completely inactivate the milk. The 
effect of adding the active milk is readily apparent but cannot be 
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regarded as reactivation since the substance in the active milk, com- 
bined with that still left after heating at 60°C. for 2\ hours, would be 
sufficient to give considerable inhibition. The results with the 
series which were heated at 80°C. are in agreement with this view. 
In my hands this temperature has been the lowest at which the 
principle becomes completely inactive, yet the addition of active milk 
restores to only a slight degree the inhibitory effect. In other experi- 
ments it has been possible to show that as little as 10 or 20 per cent 
of fresh milk added to boiled milk will influence the multiplication 

table in. 

Experiment on the Reactivation of Healed Milk . 


Streptococci present 



At once 

After 

2 hrs. 

After 4 hrs. 

After 6 hrs. 

After 8 hrs. 

Milk heated at 58°C. for 20 
min 

S32 

576 

512 

640 

17.2SO 

Milk heated at COX. for 2-1 
lirs 

640 

576 

9,792 

72,000 

Innumerable 

Milk heated at 60°C. for 2£ 
hrs. + 1/10 volume of 
58°C. milk 

704 

576 

4,032 

21,SS0 

(t 

Milk heated at S0°C. for 20 
rain 

768 

17.2S0 

Innumerable 

Innumerable 

ft 

Milk heated at SOX. for 20 
min. + 1/10 volume 5S°C. 
milk 

704 

14,400 

U 

It 

tt 

Boiled milk 

640 

23,000 

(( 

tt 

tt 


during the first 2 hours. It seems reasonable to assume then that the 
substance in milk is not inactivated by heat in the sense that comple- 
ment is, but that heating sufficiently to impair the inhibitory action 
of the milk results in actual destruction. 

. Fillrability of the Principle. 

Is it possible to pass the inhibitory principle through filters that 
hold back the formed elements of the milk? From previous work it 
is known that whey obtained by coagulation with rennet contains the 
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inhibitory substance. Since whey is readily filtered it was used in the 
following experiment. 

Experiment 4 . — Samples of milk from two cows, obtained as usual, were freed 
of fat, mixed, and heated at 58°C. for 20 minutes. To each 150 cc. of milk, 2.5 cc. 
of rennet solution (1 rennet tablet dissolved in 10 cc. of 0.85 per cent NaCl solution 
and passed through Berkefeld candle V) was added, and after suitable incubation 
the whey was collected and stored in the refrigerator at 3 C C. overnight. Next 
morning 30 cc. portions were passed rapidly through Berkefeld candles V, X, and 
\V under a pressure of 58 to 60 mm. The unfiltered and filtered portions and whey 
boiled for 5 minutes were then distributed and inoculated as usual. The results 
of the test are given in Table IV. 


TABLE IV. 


The EJjccl of Filtration on the Inhibitory Principle. 


Whey 



Streptococci present 


At once 

After 

2 hrs. 

After ■$ hn. 

After 6 hrs. 

After 8 Hrs. 

Untreated 

1,984 

1,728 

1,792 

1,792 

51,860 

Filtered through: 

Berkefeld V 

2,176 

1,792 

1,856 

2,04S 

12,672 

“ X 

2,176 

2,6SS 

11,520 

Innumerable 

Innumerable 

“ \v 

2,026 

5,50S 

115,200 

<( 

it 

Boiled 

2,026 

5,204 

Innumerable 

it 

U 


The bactericidal principle contained in whey readily passes through 
the pores of a Berkefeld candle V, and its activity is not appreciably 
impaired. A filter of X fineness withholds most of it, inhibition 
being noted only during the first 2 hours. The W candle takes out 
almost all since whey passed through this filter behaves in general like 
boiled whey. 

Hie retention of the principle by filters can conceivably be due to 
adsorption. It is known that the removal of casein from milk during 
rennet coagulation fails to remove the inhibitor} - substance from the 
whey. The agent then is not readily adsorbed by the casein. The 
same holds true for the fat. The results of some experiments with 
other adsorbents arc worthy of record. 


Experiment 5. Finely ground kiesclguhr, kaolin, bolus alba, and animal char- 
coal V. ere V ashed repeatedly in riMillcd abater and dried; then weighed in amounts 
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of 1 and 2.5 gm. and sterilized in 50 cc. centrifuge tubes. Milk from two cows was 
freed of fat and heated at 58°C. for 20 minutes. To specified amounts of the 
adsorbents, 10 cc. of milk was added and the tubes shaken vigorously. The 
tubes were refrigerated 1 hour, again shaken, and then centrifuged for 10 minutes. 
The supernatant fluids were distributed as usual, inoculated, and tested. Inas- 
much as milk mixed with 2.5 gm. of adsorbent behaved in a manner identical with 
that containing only 1 gm., the results of adsorption with the larger amount only 
are given in Table V. 

The data given in Table V are derived from two separate sets of 
observations. The tests in which kieselguhr and kaolin were used 
were done in duplicate with the milk from two cows, the results of 


TABLE V. 

The Effect of Adsorbents on the Bactericidal Property of Milk. 



Streptococci present 

At once 

After 

2 hrs. 

After 

4 hrs. 

After 6 hrs. 

After S hrs. 

Milk 

704 

512 

576 

576 

576 

" + kieselguhr 

604 

462 

512 

3S4 j 

576 

“ + kaolin 

704 

576 

512 

512 

512 

Boiled milk 

640 


66,240 

Innumerable 

Innumerable 

Milk 

896 


512 

704 

640 

“ + bolus alba 

832 

768 

768 

640 

704 

“ + animal charcoal 

S32 


37,440 

Innumerable 

[ Innumerable 

Boiled milk 

768 


86,400 

“ 

« 


only one series being here given. The bolus alba and animal charcoal 
tests were made later and were likewise done in duplicate. For this 
reason control findings of two lots of untreated and two lots of boiled 
milk are given. All the adsorbents used are negatively charged. 
Those that failed to adsorb the substance are slightly acid (pH 6.2 
to 6.5). The animal charcoal had a pH of 7.2. 

It can be said that the inhibitory principle is not adsorbed by 
casein, fat, kieselguhr, kaolin, or bolus alba, although considerable is 
taken out by animal charcoal. In this connection it is of interest to 
point out that blood complement is removed by kieselguhr. 
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The Effect of Desiccation. 

A further series of experiments was undertaken to determine whether 
the inhibitory principle would withstand desiccation and, for the 
purpose, in addition to the material prepared in the laboratory com- 
mercial dried milks were employed. Several methods were em- 
ployed for desiccation. Whey or milk was placed in thin collodion 
membranes and hung in a current of warm air. Dr. Henry Simms 
of this Department dried certain material by means of low pressure 
distillation. But the most efficient method was in vacuo over sul- 
furic acid in the refrigerator. This last method usually took 6 or 
7 days. The dried material went into solution readily. 


TABLE VI. 

The Presence of the Bactericidal Substance in Commercial Dried Milk. 



Streptococci present 

At once 

After 

2 fcrs. 

After 

4 hn. 

After 6 hrs. 

After S hn. 

Milk powder A 

76S 

8,640 


Innumerable 

Innumerable 

“ “ “boiled 5 min 

704 


72,000 

U 

U 

« “ B 

S32 

576 1 

704 

704 

57,600 

“ “ “ boiled 5 min 

640 

. 

2,432 

46,0S0 

Innumerable 

Innumerable 


Experiment 6 . — 13 gm. of two brands of commercial milk powder was dissolved 
in 87 cc. of sterile distilled water. The milk was then freed of fat by centrifugation 
and both products heated at 5S“C. for 20 minutes, a necessary precaution since 
both contained organisms. They were then distributed, inoculated, and tested as 
usual. The results arc given in Table VI. 

The differences in the concentration of the principle in the two 
samples arc sharp. Product A was as good a culture medium when 
heated at 5S C. as it was when boiled. It appears that the principle 
was completely destroyed during the drying process. Product B had 
a well defined bacterial inhibitory action which was destroved bv 
boiling. 

\\ ith milk or whey dried in the laboratory the results showed that 
the inhibitory principle would withstand drying but they were not as 
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striking as with commercial product B. This is brought out in 
Experiment 7. 

Experiment 7. — Fat-free milk heated at 58°C. for 20 minutes was distributed 
in thin layers in sterile wide mouth bottles and desiccated over H 2 SO 4 in vacuo. 
Low pressure was maintained by the use of an oil pump twice daily. Between 
evacuations the jars were stored at a temperature of 3° or 4°C. Under these 
conditions 7 days was required for complete drying. The residue before use was 
dissolved in sterile distilled water and the product tested in the usual manner, 
borne of the material was tested as soon as possible and the remainder in the form 
of dry residue stored in the room and dissolved and tested 18 days later. The 
results are given in Table VII. 


TABLE VII. 

The Effect of Desiccation on the Bactericidal Principle. 


Streptococci present 



At once 

After 

2 lirs. 

After 

4 hrs. 

After 6 hrs. 

After 8 hrs. 

Sample tested shortly after desic- 
cation 

640 

S96 

576 

4,316 

72,000 

Innumerable 

The same boiled for 5 min 

76S 

6,912 


Innumerable 

Sample after IS days storage in 
the room 

256 

320 

9,472 

51,840 

it 

The same boiled for 5 min 

320 

9,216 


Innumerable 

tt 


The milk used in the experiment would completely inhibit growth 
for 6 hours and markedly influence it for 8 hours, but the dried prepara- 
tion was not quite as efficient in this regard. Storage of the dried 
material at room temperature led to further inactivation. Desicca- 
tion by evaporation through collodion membranes over CaCh, or by 
low pressure distillation, led to no better results. Some of the sub- 
stance always remained in the residue but never to the same concen- 
tration as in the original material and its activity deteriorated on 
standing. 

If it were possible to obtain the substance in a concentrated form, 
considerably more could be learned of its properties. When one or 
two volumes of alcohol is added to whey and the supernatant and 
residue completely freed of alcohol by low pressure distillation, both 
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products, added to boiled milk, fail to inhibit growth. One may 
assume then that alcohol destroys the principle. 

It was hoped that the agent adsorbed on particles of charcoal could 
be redissolved in more concentrated form. Several experiments 
were made in which milk was adsorbed with charcoal and the charcoal 
mixed with dilute acids and alkali, dilute phosphate solutions, phys- 
iological sodium chloride solution, and distilled water, and permitted 
to stand for several days in the refrigerator, the supernatant solutions 
finally being added to boiled milk and tested. It was possible to 
obtain a little inhibition with the extracts of weak alkali, phos- 
phate, and sodium chloride, but the results obtained were not en- 
couraging enough to warrant further work. 

DISCUSSION. 

Substances contained in a complex fluid like milk may be attached 
to or so closely associated with some of the other components that their 
true behavior may be masked. Granting this the inhibitory principle 
must yet be regarded as a definite constituent of cow’s milk which is 
secreted with the colostrum and early milk. Other observations not 
reported in this paper indicate that the substance is present in the milk 
throughout the lactation period. It is a characteristic ingredient of 
the milk, being present, according to our experience, in the secretion 
of all cows though it is true that its concentration varies in different 
animals and may even van* in the milk from different quarters of the 
same udder. 

It has already been stated that several views are prevalent regarding 
the nature of the principle. Stocking’s contention that milk affords 
an improper medium for the test organisms is open to question in view 
of the fact that boiling milk for 5 minutes renders it an admirable 
medium. Further the organism employed throughout the test is an 
udder inhabitant and so far as can be learned exists onlv in milk. 
I he action of phagocytes is ruled out in milk that is heated at 5S 5 
or OfFC. for 20 minutes and further by the results of the filtration 
experiments. Agglutination of the streptococcus was not found on 
microscopic examination. Some have supposed the principle to be 
blood alexin, others that it is a ferment derived from food, and vet 
others that it is an alexin-like substance originating in the udder. 
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The third view would seem to be the most reasonable. It is known 
that blood alexin loses its antibacterial action when diluted, and it 
must be greatly diluted in milk in the light of the fact that serum 
globulin is present in milk in small quantities only. The milk sub- 
stance is much more resistant to heat than blood alexin. Unlike 
alexin once its activity is impaired by heat it cannot be reactivated by 
active milk. It is not adsorbed by the same class of adsorbents. 
Colostrum, which contains a large proportion of blood serum, in- 
hibits bacterial growth even when heated to 60°C., a temperature 
sufficient to inactivate blood alexin. 

The inhibitory substance in milk may serve to protect the udder 
from the growth of many types of organisms. The usual period of 
bacterial inhibition for which it is responsible corresponds roughly to 
the period between feedings by the calf which would empty the udder 
under natural conditions. 


SUMMARY. 

Certain of the properties of the bacterial agent in milk have been 
studied. The substance is present in the colostrum and milk of the 
first few days of lactation as well as later. Its concentration varies 
in the secretion from various quarters of the same cow. Its activity is 
diminished by heat and cannot be restored again by the addition of 
active milk. The principle is present in whey and readily passes 
through the coarsest Berkefeld filter although a considerable portion 
is retained by N candles. The finest filter (W) completely retains it. 
It is adsorbed by animal charcoal but not by kaolin, kieselguhr, or 
bolus alba. It can be desiccated and its presence has been demon- 
strated in one brand of dried milk. 
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During the course of studies on the biological and immunological 
properties of Friedlander's bacillus, at least three sharply defined 
types were found (1) to exist among different strains of the organism. 
The types were designated A, B, C, and into one Group, X, were placed 
several heterogeneous strains. That Friedlander’s bacillus, moreover, 
possesses at least two different cellular constituents both of which are 
important in the antigenicity of the organism was recorded in later 
communications (2,3). One of these is now known to be polysaccha- 
ride and is chemically different for each of the fixed types (4, 5). The 
differential specificity of the types appears to depend on the polysac- 
charides, a class of substances which are analogous to the soluble 
specific substance of Pneumococcus, originally described by Dochez 
and Avery (6). The second substance is protein in nature and regard- 
less of type derivation exhibits the undifferentiated characteristics of 
the species. To this extent, Friedlander’s bacillus possesses an anti- 
genic complex which is analogous to that of Pneumococcus (7) as 
already described in papers from this laboratory. 

It has been pointed out by other investigators (8-14) as well as 
ourselves that there are certain conditions which induce in Fried- 
lander’s bacillus the development of variants, a phenomenon which is 
now considered as bacterial dissociation. 1 The typical colonies of 
Friedlander’s bacillus arc now identified as smooth (S) and the variant 
colonies as rough (R), the organisms in each instance differing not only 
morphologically, but biologically and antigcnicallv. The most salient 

1 For an analytic and critical review of the literature on microbic dissociation, 
the reader is referred to Hadley's monograph in the J. Inject. Dis., 1927, xl, 1, 
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differences are (2) that the S cells form colonies with a smooth surface; 
they are virulent, encapsulated, and type-specific; and they produce 
the soluble specific substance. On the other hand, the R cells form 
colonies with a rough surface; they are avirulent, capsule-free, and not 
type-specific, but species-specific; and they do not elaborate the soluble 
specific substance. Furthermore, sera prepared by immunization 
with S cells are type-specific and passively protect against fatal infec- 
tion by bacilli of the same type, while anti-R sera are not type-specific 
and possess no demonstrable protective properties for infected mice. 

Further study has since disclosed that there exist among the R vari- 
ants of Friedlander’s bacillus additional dissociates which present 
definite differences in morphology and antigenicity. Moreover, ob- 
servations have been made upon some of the conditions conducive to 
variation, the possible reversibility of the variants to their antecedent 
forms, and the occurrence of variants in human infection. The pres- 
ent communication comprises a report of these studies. 

That several morphological forms or intermediates exist between 
the extremes of the R and S varieties of the Friedlander’s bacillus 
has been reported by Toenniessen, Baerthlein, and Hadley. The 
work of the two former writers antedated the use of the present no- 
menclature. 

EXPERIMENTAL. 

Without entering into a discussion as to what constitutes a Friedlander’s bacillus, 
the S strains studied in this investigation were all members of the Encapsulatus 
group as determined by cultural and staining reactions. They were all Gram- 
negative, encapsulated bacilli, which were virulent for mice and showed great 
variation in sugar fermentation reactions. The strain “SC” (Type A) which was 
most studied in the present investigation, was isolated from the blood of a fatal case 
of pneumonia in man. It fermented without gas, dextrose, sucrose, maltose, 
mannitol, and lactose. 

The R strains employed in the previous study were derived by consecutive 
transfer of S cells in broth to which was added a concentration of 10 per cent 
homologous immune serum. Plate cultures were made after each transplant 
until R colonies were grossly visible. In the earlier studies, the R colonics were 
not examined for structural differences, but at a later period, however, three differ- 
ent forms of R colonies were recognized. 

The characteristic colonies of the S and R variety have been observed 
with each of the serological types of Friedlander’s bacillus. A detailed 
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study, however, has been made of those derived from Type A only, 
and the data, unless otherwise stated, refer solely to this type. 

I. Forms of V arianls Encountered. 

In addition to the S variety, three different forms of colonies have 
been recognized. For the sahe of convenience and clarity of expres- 
sion these three R variants may be designated as Rl, R2, and R3. 
Further than gross appearance the R3 colony was not studied, because 
it was found only rarely and sporadically in mass cultures of R cells 
and particularly because it was extremely unstable so that the organ- 
isms were never obtained in pure culture. The R3 colony was of the 
“phantom” description, escaping notice when viewed by transmitted 
light on account of its marked transparency. By reflected light, with 
most of the light obscured, it was seen as a transparent colony with a 
smooth surface and an annular margin which appeared slightly raised 
and fringed. 

(a) Aforphological Differences . — The S colony, examined by trans- 
mitted light after 15-18 hours of growth, appears opaque, white, 
sharply circumscribed, markedly convex, homogeneous, and circular 
(see Fig. 1). When seeded heavily the colonies coalesce, and this 
mucoid coalescent growth is typically characteristic of S organisms. 
By reflected light the surface of the S colony is glistening and smooth 
and reflects sharply and accurately the image of objects within focal 
distance. The colony growth is mucoid and tenacious in consistency, 
and is elastic to the touch of a needle. The S organism is Gram-nega- 
tive, and encapsulated (Figs. 2 and 3). The rods are short and thick 
and most commonly occur in either single or in diplo forms. 

The Rl colony by transmitted light appears transparent, pale yellow 
or tan in color with a slightly indented border; it is fiat with a distinct 
central papilla that becomes more prominent with age; it is not homo- 
geneous, and it is more or less circular in shape (see Fig. 1). By 
reflected light, the surface appears uneven and gloss}* and reflects 
images definitely but in a distorted fashion. Due to the manner in 
"'hi ch the light is reflected the center of the colony seems to be raised 
into a small cone. The colony growth is more discrete, never as tena- 
cious ns S, and is readily picked with a needle. Stained preparations 
exhibits a short, slender, almost coccoid bacillus, which is Gram- 
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negative and unencapsulated. The forms are often so small as to 
suggest morphologically B. influenzae (Figs. 4 and 5). 

The R2 colony by transmitted light appears transparent, pale yellow 
or tan in color, with wavy margins; it is flat, not homogeneous, but 
appears matted simulating a tuft of cotton (see Fig. 1). The shape of 
the colony varies, but in general it is circular. By transmitted light, 
the surface markings suggest an oyster shell, i.e. irregular concentric 
rings with rough surface, and the reflection of images is always dis- 
torted. The colony growth is not confluent, mucoid, or tenacious and 
is picked readily. Stained preparations show long, slender, Gram- 
negative bacilli which, in young cultures, often occur in long wavy 
chains or threads. The organism is not encapsulated (Figs. 6 and 7). 

The size of the S and the R colonies varies considerably, but in a 
general way, the R2 colonies are the largest, the S next in size, and the 
R1 are the smallest. Morphologically R2 bacillus is the longest while 
the R1 is the shortest. The S, on the other hand, shows the greatest 
dimension in breadth. 

Figs. 1 to 7 demonstrate the relative differences of S, Rl, and R2, 
both in colony formation and in microscopical appearance. 

(IS) Biological Differences. — Culturally, the S and R forms exhibit 
as striking differences as they do morphologically. The growth of the 
S cells in fluid media is viscous and accompanied by the production 
of soluble specific substance. The S form is always encapsulated and 
of marked virulence for mice, the intraperitoneal injection of 1/10 
millionth cc. of a young culture (6-8 hours) causing death within 
24-48 hours. In such instances, the peritoneal exudate is viscous, 
contains relatively few leucocytes which are frequently surrounded by a 
clear zone separating them from the bacilli, and phagocytosis of the 
organism has never been observed in normal animals. 

The growth of Rl and R2 in fluid media is diffuse, non-viscous, and 
not accompanied by the elaboration of specific soluble substance. 
The organisms are not encapsulated and the virulence of both forms 
is extremely low, since doses as large as 0,5 cc. of a young culture fre- 
quently fail to cause fatal infection in mice. The peritoneal exudate 
following the injection of Rl or R2 is not viscous and contains numer- 
ous leucocytes which are able apparently to phagocyte the bacteria. 

The fermentation reactions of the three strains were also studied. 
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The carbohydrates tested were dextrose, lactose, sucrose, maltose, 
and mannitol. As will be seen in Table I, both the S and the R strains 
fermented each of the sugars within the first 24 hours of growth, 
except that in the case of Rl, the fermentation of lactose on the two 
occasions tested did not occur until the 6th day. 

(c) Antigenic Diferences . — It has already been shown in a previous 
communication (3) that S strains of Friedlander’s bacillus induce in 
rabbits the formation of antibodies which agglutinate type-spedfically, 
precipitate the corresponding specific soluble substance, and protect 
white mice against infection by strains of the same type. Anti-S 
sera may in addition contain species-specific antibody depending upon 


TABLE i. 

Biological Reactions of S, Rl, and R2 Strains of Fricdldnder's Bacillus* ( Type d). 


Strain 

Capsule 

Specifc 

' 

Virulence 

l Phago- 
cytosis 

Fermentation reactions 

•ulntir.ee 





Mannitol 

Maltose 

s 

+ 

+ 

-i- 

— 

+ 

JL- 


m 

mm 

Rl 


— 

— 

+ 

+* 

4* 

4- 


IS 

R2 

— 

— 


d- 

+ 

JL. 

+ 

H 

Efl 


* The S strain was isolated from the blood of a fatal case of pneumonia in man. 
+ indicates presence. 

— indicates absence. 

x, fermentation was delayed to 6th day, whereas all the other fermentations 
occurred within 24 hours. 

the duration and intensity of the immunization. Consequently, anti- 
S sera may cause agglutination of R cells. Anti-R sera, on the other 
hand, arc lacking in antibodies associated with type specificity and 
protection, and contain only the common group antibody which 
reacts with R organisms derived from any of the serological types. 
The R strains employed in these reactions, however, were mass R cul- 
tures and represented one colony arising from the continued growth of 
an S strain in homologous anti-S scrum. 

'Hie antigenic character of Rl and R2 was correlated with that of 
the originat S strain from which they had arisen. Antisera were 
prepared by the intravenous injection of rabbits with heat-killed suspen- 
sions (2) of S, Rl, and R2, respectively. With the resulting immune 
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sera, it was established that S was agglutinated in anti-S sera, but not 
in either Rl, or R2, antisera, as is brought out in Table II. R1 and R2 
were agglutinated in anti-S serum to a slight extent, the reaction ap- 
pearing granular in contradistinction to the disc reaction occurring 
with S in anti-S sera (2). 


TABLE II. 

Cross-Aggluiinalio n Reactions with S , Rl, and R2 Strains of Friedldndcr’s 

Bacillus {Type A). 



Immune scrum 

Strain 

Anti*S 

Anti-Rt 

Anli-R2 


1:5 

1:10 

MBM 

1:10 

1:5 

1:10 

S 

+++ + 

++ + + 

— 




— 

Rl 


+ 

++++ 

+ + + + 

++++ 

++ + + 

R2 

+ + 

+ 

++++ 

+ +++ 

H — 1 — ! — h 

+ +.++ 


In this and following tables + + -}-+ indicates complete agglutination with 
flocculent precipitate and dear supernatant; -f + +, almost complete, superna- 
tant clouded; ++, marked agglutination; -f, slight agglutination; no 
agglutination. 


TABLE III, 


Cross-Agglutination Reactions with Rl and R2 Strains of Fricdliindcr's 

Bacillus {Type A). 


Immune 

Strain 

Final dilution of scrum 



5 

10 

20 

40 

so 

160 

320 

640 

12 SO 

2560 

Anti-Rl 

Rl 

+ + + + 


+ + + + 

+4H — b 

++++ 

+ + + 

+'+ + 

+ + 

+ 

— 


R2 

+ + + + 

+ + 


++++ 

+++ 

+ + + 

+ + 

+ 

— 

— 

Anti-R2 

Rl 

+ + + + 

+ + + + 

++++ 

++++ 

+++ 

+ + + 

+ + 


+ 

+ 


R2 

+ + + 

+ — 1 — f 

++++ 

+ +++ 

H — 1 — 

+ + + + 

+H — b 

+ + + 

+ + 

+ 


The immune serum of Rl was found to agglutinate both Rl and 
R2 to about the same extent, and conversely R2 antiserum caused an 
equally good agglutination of both strains. Agglutination was the 
typical R variety of granular sedimentation which breaks up readily 
upon agitation. The antigenic similarity evidenced by the agglutina- 
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tion reaction was further studied by means of agglutinin adsorption. 
■Rl and R2 imm une sera were adsorbed with both strains, and then 
tested for the presence or absence of agglutinins. The results of the 
experiments can be summarized briefly: Each strain (Rl and R2) 
adsorbs from the homologous antiserum agglutinins for both homolo- 
gous and heterologous organisms; from the heterologous serum, 
.however, antibody is removed only for the strain employed in the 
adsorption. In other words, Rl and R2 possess mutual agglutinating 
characters, but not complete, mutual adsorptive properties, as deter- 


TABLE IV. 


Agglutinin Adsorption Reaction. 

Results of Agglutination with Rl ai:d R2 Scrum after Adsorption with 
Rl and R2 Strains. 


Immune 

scrum 

Ad- 

sorbed 

Kith 

Aali- 

Ecn 

Fisa! dilation of scram 

:o 

40 

SO 

16-3 

320 

CiO 

1 2 SO 

j sea 

Aati-Rl 

Rl 

Rl 

— 

— 

— 

— 

— 









R2 

i 

— 



1 — 

— 

— 

— 

- 


R2 

Rl 

+ T- + + 

a. - 2 . a- 4 - 

a. 4 . 4 . j. 


- 1 — t- 

-f-r 





R2 

— 

- 

- 

- 

- 

1 


- 

Anti-R2 

Rl 

Rl 

— 


1 

: 

_ 






R2 

J — uxx 

J !_ < -i. 




* t > 




R2 

Rl 











R2 

— 

— 

— 

— 

- 

- 

- 

- 


mined by reciprocal adsorption. The data of these experiments are 
presented in Table IV. 

As was to be expected from previous results (2) neither Rl nor R2 
immune sera caused agglutination of the S strain from which they 
originated, nor did they cause precipitation of specific soluble sub- 
stance. nor passively confer immunity upon mice infected with the 
antecedent S strain. 


1 1 . The Reversibility of R to S. 

1 he R strains studied in this investigation have been rcmarl-bV 
stable during the 2 years they have been under observation. Since 
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the permanency of R becomes of paramount importance when viewed 
in terms of the problems of infection and epidemiology, experiments 
were planned to determine the reversibility of R to S. The older 
literature particularly with other species offers some evidence in favor 
of reversibility, but the objection has been raised that mass cultures 
were studied instead of pure line strains. More recently, however, 
it has been shown unimpeachably that single cell cultures of R may 
be caused to revert to S under proper cultural conditions. Thus 
Jordan (15) and Soule (16) showed interconvertibility of B. paraty- 
phosus B, Levinthal (17), and Dawson and Avery (18), of Pneumo- 
coccus, Soule (19), of B. siibtilis. 

In the present study of reversibility, single cell strains were obtained 
by the technique of Avery and Leland (20). Since all experiments 
with pure line strains uniformly failed to bring about reversion, mass 
R cultures were studied instead, because such cultures might contain 
individual organisms with greater potentialities for reversion than 
the single R cells chosen at random. The observations were made 
with cultures derived from each of the three serological types. The 
methods adopted for reversion were (1) rapid transfer through meat 
infusion broth, (2) rapid transfer through dextrose broth, (3) growth 
in the supernatant culture fluid of tire parent S strains, (4) growth in 
anti-R sera, (5) passage through normal white mice both before and 
after preliminary transfer through anti-R sera. The greater part of 
the experiments were carried out before our recognition of the two dis- 
tinct forms of R variants and the mass cultures studied may have been 
mixtures of both forms. The results obtained with each method are 
briefly summarized below. 

( 1 ) Rapid Transfer through Meat- Infusion Broth. — One strain each 
of both mass and single cell R cultures, derived from the three sero- 
logically different types, was carried through 90 transfers in meat 
infusion broth. Transplants were made two or three times daily 
and from time to time plates were streaked to examine colony forma- 
tion and the cultures were tested for agglutination by the homologous 
anti-S serum. The reversion of R to S was not observed by this 
method. 

(2) Rapid Transfer through Dextrose Broth. — It had been noted 
earlier in the study that a number of R strains which fermented 
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dextrose, grew in this medium in conglomerate clumps or masses 
strongly suggestive of a thread reaction. It is interesting to note in 
this connection that this phenomenon was never noticed in add fer- 
mentation by S strains. Two mass cultures of R forms derived from a 
single colony were transplanted once daily in 1 per cent dextrose broth 
for 35 transfers. By the sixth subculture, clumped growth no longer 
occurred, although dextrose was still fermented. No evidence, how- 
ever, was obtained of reversion. 

(3) Growth in the Supernatant of the Parent S Strain. — 18 hour broth 
cultures of S strains were centrifuged and the supernatant was with- 
drawn and rendered sterile by heating at 56°C. for 30 minutes. This 
was added in 10 per cent concentration to infusion broth alone and 
to infusion broth containing 10 per cent anti-R serum. In such 
media mass R cultures were transplanted twice daily for 90 trans- 
fers. At no time during the period of observation was reversion 
encountered. 

( 4 ) Growth in Anti-R Sera. — Both mass and single cell R strains 
derived from each of the serological types were carried twice daily 
through 10 per cent anti-R serum broth for 90 generations. The 
anti-R serum used in the different experiments was both homologous and 
heterologous and later, mass cultures of R organisms derived from 
Type A were carried through 40 transplants in 1 per cent and 5 per 
cent anti-R serum broth. In the earlier transplants growth always 
appeared in thread formation, that is, clumped in the bottom of the 
tube with a clear supernatant fluid . After 20 to 40 or more transplants 
this reaction disappeared and growth was uniformly diffused. Al- 
though in some instances the colony growth seemed to be somewhat 
less rough, nevertheless, reversion did not occur. 

(5) Passage through formal II kite Aficc. — Each mass culture from 
the preceding experiment (i.c. after 90 transplants in anti-Rserum 
broth) was passed through normal mice by intraperitoneal injection. 
As controls, two other R strains— one derived from Type A and the 
other from Type B were passed through mice without preliminary' 
growth in anti-R sera. Mice were injected with large amounts of 
young R cultures and the peritoneal washings reinjected into other 
normal mice. This was carried out with each strain through a series 
of 22 mice hut in no instance did reversion occur. 



898 


CULTURES OF FRIEDLANDEr’s BACILLUS 


(6) Experiment with R1 and JR2. — The foregoing experiments on 
the reversion of R to S were carried out as stated with either mass 
cultures or pure line strains without regard to the particular form of 
the R variant studied. It seemed possible, however, that the question 
might now be answered more accurately and completely by a study of 
the two well defined variant forms Rl and R2. Cultures of each vari- 
ety, therefore, were transferred twice daily in broth to which had been 
added in one series 10 per cent homologous immune serum, and in 
another series 10 per cent heterologous immune serum. The strains 
were grown in this way for 60 transplants and after 30 to 38 transfers 
the thread reaction had disappeared. Under these conditions it was 
possible to induce Rl to change to R2 but reversion of either variant to 
the S type was not observed. 

In summarizing, then, the results of the study of reversion, it may 
be stated that none of the methods employed, succeeded in bringing R 
forms back to the S type. 

This does not mean, however, that R forms are irreversible, but that 
under the conditions stated, the methods employed were not adequate 
to effect the change. 

III. Some Incitants to Variation. 

(a) Experimental Derivation of R Forms. — Mass R cultures may be 
experimentally derived by the continued subculture of S cells in broth 
to which has been added homologous immune serum, R organisms 
gradually appear as the S forms disappear. It is an old observation 
among earlier workers, however, that Friedlander’s bacillus upon 
aging gives rise to variant colonies which differ strikingly in certain 
characters, the authors reporting on some or all of the properties of 
virulence, agglutination, and colony appearance. Our experience 
corroborates these results and included the isolation of R forms from 
aged colonies on plates and occasionally from broth cultures stored for 
several weeks, in which the change has spontaneously occurred. 

(b) Occurrence of R Forms in Disease. — It is definitely known that 
R variants may be experimentally derived in vitro from S cells. The 
phenomenon of bacterial dissociation, however, would acquire greater 
significance if it could be demonstrated that the process actually takes 
place in the animal body during the course of infection. In order to 
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study this possibility, a survey was made of strains freshly isolated 
from a n umb er of different pathological conditions and a careful 
search vras made for the presence of R variants. In all, cultures from 
seventeen different sources were examined and these included seven 
cases of human pneumonia, one case of pneumonia in a guinea pig, two 
of liver abscesses in man, two of acute and fatal abscesses in guinea 
pigs, two of cystitis in man, one of infected antrum in man, and two 
cases of infected adenoid tissue. In five instances R forms were No- 


table v. 

The Occurrence oj R Variants in Infections Associated with Friedlar.dcr's Bacillus • 


Ci>< No. 

Sotirce 

Type 

Presence of R 

1 

Sputum \ 

r )pneumoma. 

Autopsy j 

A 

Xot found 

2 

Sputum — pneumonia 

A 

Not found 

3 

Sputum — pneumonia 

A 

Xot iound 

4 

Sputum — pneumonia 

A 

Xot found 

5 

Sputum — pneumonia 

A 

Xot found 

6 

Abscess — guinea pig (fatal) 

A 

Xot found 

7 

Abscess-guinea pig (fatal) 

A 

Xot found 

8 

Liver abscess 

A 

Xot found 

9 

Adenoid tissue 

A 

Present 

10 

Adenoid tissue 

A 

Present 

11 

Autopsy— pneumonia (guinea pig) 

B 

Xot found 

12 

Sputum — pneumonia 

B 

Xot found 

13 

Infected antrum 

C 

Present 

14 

Sputum — pneumonia 

Group X 

Xot found 

15 

Urine — cystitis 

Group X 

Xot found 

10 

Urine — cystitis 

Group X 

Present 

17 

Liver abscess 

Group X 

Present 


Except where stated, the strains were derived from human infections. 


latcd and in each they were present in mixtures of R and S. Since 
the ocamcncc of the two distinct variants, R1 and R2, was recognized 
only after this survey was completed, it is impossible to state the rela- 
tive frequency of these two forms. However, of the R strains isolated, 
two were present with S organisms of Type A. one with those of Type 
C, and two others in association with S cells of Group X. Interestingly 
enough, the R strains were found not in acute infections but in chronic 
conditions. Jims R forms were present twice in cultures from adenoid 








900 


CULTURES OF FRIEDLANDER’S BACILLUS 


tissue, twice in cases of chronic cystitis, and once from a subacute 
antrum. Suggestive as the data are, no generalization, however, 
can be made from so few observations. The details of this study are 
recorded in Table V. 


DISCUSSION. 

The study of variation in cultures of Friedlander’s bacillus reported 
in the present communication discloses three different forms of R vari- 
ants. Two of the variants (R1 and R2) have been studied in detail, 
and they may be recognized grossly by colony formation or microscop- 
cally by the size and arrangement of the individual cells. Moreover, it 
has been possible to differentiate the dissociates further by serological 
reactions. Both variants (R1 and R2) are agglutinated in antisera 
prepared by injection of rabbits with either strain, but they lack the 
capacity of complete reciprocal agglutinin adsorption. The two R 
strains are markedly different from their antecedent S strain in colony 
appearance, morphology, virulence, and antigenicity. 

A number of methods have been adopted to induce reversion of R 
to S. Whether the technique or its application was inadequate, the 
results were uniformly negative. This does not imply, however, that 
all R forms of Friedlander’s bacillus are irreversible, but that in the 
case of the strains studied, the proper stimulus was not supplied by 
the methods used. In this connection the work of Dawson and Avery 
(21) offers an interesting comparison. They found one R strain of 
Type I pneumococcus irreversible by the identical methods which 
caused other R strains of the same and different types to change to the 
S form. In the present study, R2 has been converted to Rl, while, on 
the other hand, Rl itself has remained unchanged following numerous 
transplants in homologous immune serum. Conversion of R2 to 
Rl and the less rough appearance of Rl colonies make it not unlikely 
that Rl is an intermediary form between S and R2. 

The spontaneous development of R variants in S cultures of Fried- 
lander’s bacillus has been found to accompany the process of aging. 
Growth in immune sera in vitro also converts the S cells into R forms. 
That variation, however, is more than an in vitro or cultural degrada- 
tion gains support from the fact that R forms have been found in 
cultures taken directly from foci of infection in the animal body caused 
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by Friedlander’s bacillus. It is an interesting observation that in the 
cases studied R variants were found only in chronic infections and 
always in conjunction with S forms. 

conclusions. 

1. Under proper conditions mass R cultures of Friedlander’s bacil- 
lus may give rise to a number of variants which are dissimilar in colony 
appearance and morphology. Three such forms have been described. 
In two varieties, differences have been observed not only in colony 
formation and morphology, but also in cultural and antigenic 
characters. 

2. None of the methods employed were adequate to cause reversion 
of any of the R variants to the S type. Growth of the R2 variant in 
its own antiserum, however, induced a change to the R1 form. 

3. R forms of Friedlander’s bacillus may be derived from S strains 
by aging or by growth in anti-S serum of the homologous type. 

4. R strains may be isolated in culture directly from infection. 
In the cases where R forms were found, S cells were also present, and 
the pathological condition was of a chronic nature. 
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EXPLANATION OF PLATES. 

Plate 36. 

Fig. 1. Plate culture of Type A, Friedlander’s bacillus, taken by transmitted 
light. The S colony and the two variant forms, R1 and R2, are labelled. Note 
opacity of S and transparency of both R varieties. 

Fig. 2. Smear of peritoneal exudate of mouse infected with S. Stained with 
Gram, X 1000. Note absence of leucocytes and presence of large capsules. 

Fig. 3. Smear of S grown on agar. Gram stain, X 1000. Capsule is greatly 
diminished. 

Plate 37. 

Fig. 4. Smear of peritoneal exudate of mouse injected with Rl. Stained with 
Gram, X 1000. Note phagocytosis and lack of capsules. 

Fig. S. Smear of Rl grown on agar. Gram stain, X 1000. Note size and 
arrangement as contrasted with S and lack of capsules. 

Fig. 6. Smear of peritoneal exudate of mouse injected with R2. Stained with 
Gram, X 1CO0. Note phagocytosis, lack of capsules, and length of rods. 

Fig. 7 Smear of R2 grown on agar. Gram stain, X 1000. Note size and ar- 
rangement and lack of capsule. 
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Although an antigenic relationship between horse dander and horse 
serum seems to have become a tacit assumption on the part of many 
immunologists, practically no experimental work has been aimed 
directly at the proof or disproof of it. The fact that a considerable 
proportion of asthmatics shows a cutaneous sensitiveness both to 
the dandruff and to the serum of a given animal species (1) has 
probably been responsible for this assumption, but such evidence is, 
of course, purely circumstantial. 

Earlier Studies. 

The clinical importance of horse dander as a provocative of asthma 
has made it the subject of much study during the last 15 or 20 years. 
Laboratory studies have been pursued mainly along two lines: (1) 
sensitization of experimental animals, usually with the object of 
reproducing asthmatic symptoms; (2) chemical separation of dander 
into its several constituent antigens. 

The difficulty experienced in the sensitization of laboratory animals with horse 
dander has led more than one investigator to question the antigenic properties of 
the substance. One of these expressions of doubt bears so recent a date as 1923 
(2), in spite of the considerable amount of evidence that has accumulated since 
horse dander was first implicated in the causation of asthma. This point has re- 
cently been reinvestigated by Longcopc, O'Brien, and Perlzwcig (3) and their work 
shows conclusively that a saline extract of horse dander is capable of sensitizing 
and producing anaphylactic death in guinea pigs. 

Still more recently Alexander, Bcckc, and Holmes (4) have succeeded in sensi- 
tizing guinea pigs bv exposing them to a spray of saline extract of horse dander. 
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904 


HORSE SERUM AND HORSE DANDER 


Such animals showed no symptoms when again exposed after a suitable interval 
to this spray, but when tested by the uterine strip method in a Dale apparatus, 
responded with marked contraction upon the addition of dander extract to the 
bath. 

Wodehouse (5) has made an extensive study of the separable antigens of horse 
dander as well as those of the hair of cats and dogs. As principal constituents of 
each of these he found in his weakly alkaline (n/ 100 KOH) extract (1) an acid- 
precipitable substance which he called “alkali meta-protein,” (2) an "acid meta- 
protein,” precipitated by addition of alkali to the acid filtrate from the preceding, 
and (3) a peptone. In addition to these he found in horse dander (4) an alcohol- 
soluble protein and (S) a heat-coagulable protein. 

Longcope and his associates (6) have recently used more exact methods of 
isolation and have obtained two fractions of antigenic importance from horse dan- 
der, one of which, their protein B, makes up much the larger portion of the sub- 
stances in solution. This fraction is precipitated between pH 3.2 and pH 3.8 
and is probably to be identified with the “alkali meta-protein” of Wodehouse. 
The second fraction, their protein D, precipitates at pH 12.0, is much smaller in 
amount, and may possibly be the same as Wodehouse’s “acid meta-protein.” 
It is difficult to correlate these two studies exactly because the latter author did 
not use pH values in his description. It is further noteworthy that Longcope and 
his coworkers found no precipitation occurring at the isoelectric points of serum 
globulin or albumin. 

Ratner, Jackson, and Gruehl (7) have made a very brief report which has a more 
direct bearing upon the results here submitted. This report states that they have 
obtained cross-anaphylactic reactions with horse dander and horse serum. No 
further details of their experimentation are given, however, except the remark 
that the Dale method was not relied upon as a final criterion for anaphylaxis. The 
writer has not encountered their further report in subsequent literature. 

EXPERIMENTAL DATA. 

Three routes of approach have been employed in the effort to de- 
termine whether an antigenic relationship exists between horse serum 
and horse dander: (1) cross-precipitation tests, rabbits being used 
for precipitin production; (2) cross-anaphylactic tests in guinea pigs 
by the uterine strip method of Dale; (3) cross-anaphylactic tests by 
the usual method of producing dyspnea and fatal shock in guinea pigs. 

Antigens . — The dander antigens employed were prepared by various methods, 
but were of two principal types: (1) saline suspensions of whole dander and (2) 
saline extracts of dander. 

In preparing the whole dander suspensions 5 gm. of the dry dander was sus- 
pended in 100 cc. of neutral 0.85 per cent NaCl by shaking with glass beads. At 



GEORGE E. EORSTER 


905 


first these suspensions were partially sterilized (phenolized or foimalinized) to 
avoid severe abscess production vrhich usually followed its intraperitoneal injec- 
tion into rabbits and guinea pigs. It was found, however, that the mass of small 
hairs present in suspension was chiefly responsible for the abscesses. Centrif- 
ugalization removes the greater portion of hair, and abscesses were thus avoided. 
No difference was found in the immunizing value of the two preparations. 

Tor the saline extract of horse dander the same proportions were used, namely, 
5 gm. of dry dander per 100 cc. of neutral 0.85 per cent XaCl solution. The ex- 
tract, however, had a reaction of pH 12 to 7.6 without buffering. A drop or two 
of phenol red was added to the saline to indicate the reaction. The suspension was 
then shaken with beads for 4 or 5 hours and centrifugalized for about an hour in 
order to throw down the heavier part of the material. The supernatant was then 
filtered either through a Berkefeld or through a Seitz filter, and was ready for use, 
a clear amber fluid, tinged by the phenol red. Considerable difference in anti- 
genic value was found between the products of these two filters. This will be re- 
ferred to again below. 

The filtrate was found to contain as its chief antigenic constituent a protein, 
predpitablc by dilute acetic acid, which seems to answer to the “alkali meta- 
protein” of Wodehousc (5) and to the protein B of Longcope, O'Brien, and Perlz- 
weig (6). This add-predpitablc substance was obtained by adding drop by drop, 
stirring meanwhile, a minimal amount of x/1 acetic add for producing maximal 
precipitation. Two more predpitations were done for purification. That this 
purified fraction is fairly efiident as an antigen was demonstrated by the produc- 
tion of precipitin titers as high as 1-640 and by the active sensitization of one 
guinea pig, tested by the uterine strip method. At least one other protein was 
present in horse dander, but in much smaller proportions. Its isolation was not 
attempted. 

Both whole dander suspensions and the saline extracts elidted predpitating 
sera of comparatively high titers. Only the extract served, however, for the 
predpitation tests because of the turbidity of the suspensions 

Precipitation Tests . — Ten antisera against horse dander (eight against 
whole dander and two against dander extract) were produced in rab- 
bits, their titers varying from 1-160 to 1-10,240. In six of them 
cross-precipitation was obtained. That is to sav, these six anti- 
dander sera precipitated not only homologous antigen (dander extract) , 
but also normal horse serum. The other four antidander sera had 
such low titers that cross-predpitation was not attempted. 

At first the rcdprocal cross-reaction was not obtained, namely, the 
precipitation of horse dander extract by antisera against horse serum, 
l our of the latter antisera, ranging in titer from 1-2,560 to 1-10,640 
were titrated with Bcrkcfcld-filtcred saline extract of horse dander 'with 
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negative results. Two of these antisera, when subsequently titrated 
against Seitz-filtered dander extract, 1 precipitated this antigen. The 
other two sera had not been preserved. Three additional sera have 
since been produced against horse serum, however, with all of which 
cross-precipitation has been obtained, with. the Seitz-filtered antigen. 
Five of these antisera against horse serum have, therefore, precipi- 
tated horse dander extract. 

The accompanying protocols (Tables I and II) show how the cross- 
precipitation tests were carried out. Forensic precipitation propor- 
tions (0.2 cc. of undiluted antiserum plus 1.0 cc. of antigen dilution, 
or half these quantities) were used. 

Table I records the results of the titration of an antiserum against 
horse dander. The first group of results represents a negative con- 
trol titration of undiluted antiserum against successive dilutions of an 
alien serum (normal human serum). Observations were made of the 
ring test (after 15 minutes), the flocculation test (after 1§ hours at 
38° or 2 hours at room temperature), and the sedimentation test 
(after overnight ice box temperature). The second group of results 
represents a positive control titration of the antiserum against serial 
dilutions of homologous antigen (Berkefeld-filtered extract). The 
third group represents a cross-titration of the antiserum against serial 
dilutions of normal horse serum. The vertical column at the extreme 
right indicates the antiserum-saline control. 

Table II shows the results of a titration of an antiserum against 
horse serum. The negative control antigen in this case was normal 
guinea pig serum, the positive control antigen normal horse serum, 
the antigen for cross-titration Seitz-filtered extract of horse dander. 

The cross-titers obtained in the two cases represented are markedly 

1 No definite study was made to determine the reason for the difference in these 
two filtrates. It was observed, however, that the first portion of every Berkefeld 
filtrate was add (to phenol red) . The alkalinity of the dander extract neutralized 
the addity of the filter after a few cc. of the filtrate had been delivered. The first 
few cc. came through the filter rapidly, but thereafter the filtrate was obtained 
vcr>’ slowly. Considering the slight addity required to precipitate the principal 
protein in horse dander extract, it seems reasonable to suppose that the acidity 
of the Berkefeld filter precipitated enough of the dander protein to clog the filter 
and thus increase its fineness. The Seitz filter, being neutral, offers no such 
problem. 
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different and this difference is characteristic. Low cross-titers were 
the rule in cross-precipitation of horse dander extract by antisera 
against horse serum. ! 

Uterine Strip Reactions . — Both actively and passively sensitized 
guinea pigs were used. 

Active Sensitizations . — Of the seven pigs active])'- sensitized to 
dander extract (Berkefeld-filtered) only two reacted to horse scrum 
when tested by the uterine strip method, but these are sufficient to 
show that such a cross-reaction is obtainable. The kymographic 
record of one of these pigs (No. 1) is shown in Chart 1. This animal 
was sensitized by 1.0 cc. of dander extract (Berkefeld-filtered), given 
intraperitoneally, and was used in the test recorded IS days later. 
It is noteworthy that although a reaction was obtained with horse 
serum, the uterus was only partially desensitized, as witnessed by the 
subsequent reaction to horse dander extract. This is probably ex- 
plainable by the fact that horse dander contains as its chief antigenic 
constituent a protein which is not present in horse serum, namely the 
“alkali meta-protein” of Wodehouse, or protein B of Longcopc cl at. 
This partial desensitization of the uterus by horse serum was a regular 
occurrence in this type of cross-reaction (that is, including guinea 
pigs passively sensitized to horse dander — see below). 

No pig of the eight actively sensitized to horse serum gave a response 
to dander extract by the Dale method. 

Passive Sensitizations . — More success attended the efforts at passive 
sensitization. Cross-reactions by the uterine strip method of Dale 
were obtained in six guinea pigs passively sensitized by antidandcr 
sera from rabbits. One failure resulted, probably due to an insuffi- 
cient incubation period. Two other attempts with the same antiserum 
that was used in this negative case were successful. Chart 2 shows 
the response of two of these animals (Nos. 2 and 3) to horse serum. 

Passive sensitization with sera from rabbits immunized against 
horse scrum was not attempted. 

Cross-Anaphylactic Tests in Living Animals.— The results obtained 
in these tests arc in substantial agreement with those already described. 

Reactions in Guinea Pigs Sensitized to IJorsc Dander.- Sensitization 
was accomplished by a dosage of 1.0 to 2.0 cc. of centrifugalized dan- 
der suspension or of Seitz-filtered dander extract, intraperitoneally or 
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intracardially administered. Shock doses of 1.5 to 2.0 cc. normal 
horse ser um were given intracardially 12 to 14 days later. Of twelve 
pigs thus treated ten experienced fatal shock with typical dyspnea, 
autopsy showing characteristic marked distention of the lungs. One 


table in. 


Cross-Anaphylatic Tests in Guinea Pigs Sensitized to Horse Dander. 


*£. 

II 

6 

Sensitmng injection 

Shock dose 

Syxrptoms 

4 

1 .0 cc. ccntrifu- 

2.0 cc. normal 

Nose scratching, dyspnea. Death* within 


galized horse 
dander sus- 
pension, I. P. 

horse scrum, 

I. C. 

3 min. 

5 

Ibid. 

1,5 cc. Ibid. 

Urination, dyspnea. Death* within 31 min. 

6 

Ibid. 

Ibid. 

Slight dyspnea lasting a few min. Survival 

7 

Ibid. 

Ibid. 

Dyspnea. Death* within 4 min. 

8 

Ibid. i 

Ibid. 

Doubtful symptoms — slight dyspnea. 
Survival 

9 

1 Ibid. 

Ibid. 

Dyspnea. Death* within 5 min. 

10 

Ibid. 

Ibid. 

Dyspnea. Death* within 3 min. 

11 

Ibid. 

Ibid. 

Dyspnea. Death* within 31 min. 

12 

Ibid. 

Ibid. 

Dyspnea. Death* within 4 min. 

13 

2.0 cc. Scitz- 
filtcrcd dan- 
der ciVract, 

I. C. 

2.0 cc. Ibid. 

Dyspnea. Death* within 6 min. 

14 

Ibid. 

Ibid. 

Dyspnea. Death* within 3J min. 

IS 

Ibid. 

Ibid. 

Dyspnea. Death* within 3 min. 

16 

No treatment 

1.5 cc. Il id. 

Control. No symptoms 

17 

Ibid. 

Ibid. 

Control. No symptoms 


* Autopsy showed typical marked distention of lungs except where contrary is 
indicated. 

1. 1’, means intrapcritoncal injection; I. C. ( intracardial. 


of the two other pigs- showed slight respiratory symptoms, but re- 
covered, while the remaining one showed no definite symptoms. Two 
controls, receiving only the intracardial dose of horse scrum showed 
no symptoms whatever. These results arc given in more detail in 
Table 111. 

Reactions in Guinea Pigs Sensitized to Horse Scrum— Fifteen guinea 
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pigs received sensitizing doses of 1.0 cc. normal horse serum intra- 
peritoneally (see Table IV). Shock doses of 2.0 to 4.0 cc. of Seitz- 
filtered horse dander extract were administered 12 to 15 days later. 
In none of these did typical, fatal anaphylaxis occur. Three (Nos. 
28, 29, 31) showed characteristic dyspnea and other symptoms and 
six (Nos. 18, 19, 20, 22, 23, 24) reacted more doubtfully. Six (Nos. 
21, 25, 26, 27, 30, 32) failed to show any reaction which could be called 
anaphylactic. Four control animals were used, these receiving no 
sensitizing dose, but an intracardial injection of dander extract. One 
of these (No. 34) died a few minutes after injection, but with none of 
the characteristic symptoms. Autopsy showed the lungs collapsed 
and the pericardial cavity tightly distended with blood. It is believed 
that cardiac hemorrhage was responsible for death. 

Five of the guinea pigs sensitized to horse serum were further used 
■to learn whether desensitization had been brought about by injection 
of the horse dander extract. 24 hours after the latter injection, 2.0 to 
4.0 cc. of horse serum was given intracardially to each of these (Nos. 
26, 28, 29, 30, 31). For results see Table IV. Three of them (Nos. 
26, 30, 31) died in typical anaphylaxis following this treatment. It 
is obvious that no complete desensitization resulted from any of the 
“shock doses” (dander extract). Partial desensitization seems to 
have occurred in some of the five. Thus Nos. 28 and 29 afforded the 
most characteristic picture of non-fatal anaphylaxis when horse dan- 
der extract was given as a “shock dose.” No. 28 survived the sub- 
sequent injection of horse serum 24 hours later. No. 29 succumbed 
to the latter treatment, but the death was not anaphylactic, since the 
lungs were collapsed. Nos. 26 and 30 showed no symptoms following 
the “shock dose” of horse dander extract, while horse serum on the 
following day produced dyspnea and death with lungs distended. 

DISCUSSION. 

It seems evident from the foregoing results that there is an antigenic 
element common to horse dander and horse serum. This common 
antigenic substance yet remains to be isolated biochemically. That it 
is present in relatively small proportion in horse dander is suggested 
(1) by the low titer obtained in cross-precipitation tests involving an 
antiserum against horse serum and extract of horse dander, as well as 
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(2) by the failure of horse dander extract to produce fatal shock or even 
to desensitize completely guinea pigs which had been sensitized to 
horse serum. The results here obtained shed no light on the relatia e 
concentration of the common antigen in horse serum, since only a 
minute amount of it would probably be necessary to sensitize a guinea 
pig and no great amount of it would be necessary for precipitin produc- 
tion in a rabbit. 

The work of Longcope, O’Brien, and Perlzweig (6) indicates that 
horse dander contains no protein predpitable at the isoelectric points 
of either serum globulin or serum albumin. This seems to be at vari- 
ance with the results obtained in the present study since dander, if it 
has any antigenic element in common with serum, must contain either 
globulin or albumin. 

It is possible that serum may be present in dander as a contaminant, 
as a result of exudation from cuts or sores, or from slight bleeding 
during the rather strenuous process of currying. If serum proteins 
were derived from such a source, different lots of dander would, of 
course, contain different proportions of them. In this study three lots 
of dander have been used, harmonious results being obtained from all 
of them. Two lots came from the horses of the Boston Fire Depart- 
ment and one lot from the horses of Parke, Davis and Company. 

Whatever the common antigen may prove to be chemically, how- 
ever, the fact of its existence seems to be attested by the results de- 
tailed herewith. Furthermore, the fact of sensitivity both to horse 
scrum and to horse dander extract, such as is shown in a considerable 
percentage of horse-asthmatics is logically explained thereby. 

SUMMARY. 

Evidence has been submitted of the existence of a common antigenic 
substance in horse dander and horse serum. This evidence has been 
derived from three lines of study: 

(a) Cross-precipitation tests involving (1) the titration of antisera 
against horse serum with saline extract of horse dander and (2) titra- 
tion of antisera against horse dander with normal horse serum. 

{b) Cross-anaphylactic tests by the uterine strip method of Dale. 

(c) Cross-anaphylactic tests in living guinea pigs by the usual 
shod: method. 
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It seems likely from the work here described that the common anti- 
gen is present in small proportion in horse dander. Its concentration 
in horse serum is not indicated by the results obtained. 

The writer desires to express his appreciation to Dr. Hans Zinsser 
for his interest and helpful criticisms during the course of the work. 
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STUDIES ON IMMUNOLOGICAL RELATIONSHIPS AMONG 
THE PNEUMOCOCCI. 


I. A Virulent Strain of Pneumococcus Which Is Immonologi- 
cally Related to, but Not Identical with Typical 
Strains of Type HL Pneumococci. 

By JOHN Y. SUGG, EMIDIO L. GASPARI* WILLIAM L. FLEMING, asd 
JAMES M. NEILL, Ph.D. 

{From the Department of Bacteriology and Immunology, Vanderbilt University 
Medical School, Nashville.) 

(Received for publication, February 29, 1928.) 

INTRODUCTION. 

The present paper deals with a strain of Pneumococcus which is 
related to, but not identical with typical strains of the Type HI group. 
The general interest in strains of bacteria that possess a specific im- 
munological relationship to one of the “fixed” types (1) of any impor- 
tant pathogenic group acquires special interest in the case of pneumo- 
cocci in view of the fact that the specificity of Pneumococcus Types I, 
n and IH furnishes the most clear-cut example in all bacteriology of 
the dependence of exquisite biological specificity upon the chemical 
constitution of the bacteria themselves (2) . 

In order to avoid any confusion that might arise from either the 
term “subgroup” or the term “atypical,” the terms “Thomas strain” 
and “anti-Thomas serum” are used throughout the present paper to 
designate the “non-typical” strain and its antiserum. 

It i>; important to point out at the beginning, that the Thomas strain is virulent, 
tilling mice within 30 hours in doses of 1 X 10 - * cc. of plain broth culture. As 
shown by Tillett (3), the type-spedfic agglutination of the “S" forms of Type 
111 pncumococd involves an anti-S antibody in contrast to the anti-P antibody 


* Mr. Ga'pari’s cooperation in this work was made possible by a grant from 
The Henry Strong Denison Medical Foundation. 
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•which agglutinates the “R” or degraded forms of all types of pneumococci. The 
characteristics which distinguish the Thomas strain from the typical Type III 
pneumococcus are recognized by S-anti-S reactions, and have nothing to do 
with those which distinguish the “S” forms (S-producing) of pneumococci from 
the avirulent, degraded or “R” forms (non-S-producing) . Although not described 
in detail, the controls included in all experiments were sufficient to eliminate any 
complications arising from failure to differentiate the anti-S reactions from anti-P 
reactions. The high degree of virulence of the strain, the characteristic anti-S 
character of the agglutination of the bacteria and of the precipitation of young 
broth culture filtrates by the homologous antiserum, as well as actual tests of the 
non-type-specific protein-precipitating (anti-P) capacity of the antiserum, are in 
themselves convincing evidence that the Thomas strain is not a “degraded” 
form of typical Type III pneumococcus. 

The Thomas strain exhibits no immunological relationship to Type I or II 
pneumococci with the exception of the species-specific P-anti-P relationship which 
is common to all pneumococci: the Thomas pneumococci are not agglutinated 
by Type I or II antiserum nor do these antisera confer passive protection; anti- 
Thomas immune serum is likewise non-reactive against Types I and II pneumo- 
cocci; similarly, absorption of Type I or II antiserum with Thomas bacteria and 
absorption of anti-Thomas serum with Type I or II bacteria have no effect upon 
the typc-spccific antibodies. 

EXPERIMENTAL 

Methods. 

In this investigation, five different methods have been used in testing the 
immune sera for the presence of the antibody specifically reactive with Type III 
pneumococci. These methods can be arranged in the following order of delicacy: 
(1) specific, passive protection of mice against virulent Type III bacteria; (2) 
agglutination of concentrated suspensions of heated Type III bacterial cells in 
salt solution; (3) agglutination of heated broth culture; (4) agglutination of 
unheated broth culture; (5) precipitation of solutions of the Type III specific S 
substance. The different procedures simply represent different methods of 
detecting the same anti-S antibody, and the positive results obtained when an 
immune scrum is tested by one method, and the negative results obtained when 
the same serum is tested by another method, are due to differences in delicacy 
of the method of test. 

The Relationship of the Thomas Strain to Typical Type III Strain 
of Pneumococci- as Evidenced in Tests with Potent Anti-Type III 
Scrum and Potent Anti-Thomas Scrum. 

The comparison in Table I of the immunological properties of the 
Thomas pneumococci with those of typical Type III pneumococci, is 
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based upon tests made with the most potent anti-Thomas and the most 
potent anii-Type III serum which we have obtained. While there are 
wide variations in the individual potencies of the anti-Thomas and 
anti-Type III serum obtained from different animals, it is desirable to 
base the first comparison upon the immunological properties exhibited 
in immune sera containing the complete expression of the antigenic 
properties of the two related but different kinds of pneumococci. 

As shown in Table I, the Thomas strain of pneumococci reacts with 
anti-Type III serum, although its agglutination, filtrate precipitation 
and passive protection are not as pronounced as are the corresponding 
reactions of typical Type III pneumococci in anti-Type III serum. 
Thus, in respect to the reactions in potent samples of Type III im- 
mune serum the Thomas strain appears to be related to typical Type 
III pneumococci in about the same way as Avery’s (1) Subgroup Ha 
strains are related to typical Type II pneumococci. 

However, the comparison of the two strains in the anti-Thomas 
serum gives a more clear-cut differentiation between the Thomas and 
the typical Type III strains. In the first place, the anti-Thomas serum 
reacts not only with the Thomas pneumococci but also with typical 
strains of Type III pneumococci. In the second place, the potency 
of the anti-Thomas serum against the Thomas bacteria is much greater 
than tire potency of anti-Type III serum against Type III pneumococci 
themselves; the invariable protection of mice against 0.01 cc. of broth 
culture (1 million lethal doses) and the definite agglutination of broth 
cultures by 1/320 dilution of serum being of a much higher order of 
potency than that obtained with typical Type III pneumococci in 
anti-Type III serum whether from rabbits or hyperimmunized horses. 
This high degree of homologous potency of the antiserum produced by 
immunization with the atypical strain was a frequent occurrence in 
Avery’s (1) work with the different Subgroup Type II pneumococci, 
but the reactivity of typical Type in strains in the anti-Thomas serum 
is in direct contrast to the lack of any reactivity of typical Type II 
strains in any of the different Subgroup Type II antisera. 
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Variations in the Relative Potencies of Different Type III Immune 
Sera in Respect to Antibodies Reactive -with a Typical Type III 
Strain and Antibodies Reactive with the Thomas Strain. 

The comparison in. Table I of the Thomas strain with a typical 
Type HI strain was based upon their reactions in immune sera chosen 
for their potency against both the Thomas strain and typical Type III 
strains. During the investigation, many tests have been made with 
a number of different Type HI immune sera. The results of these 
tests showed a wide range of differences in the relation between the 
anti-Type lH and the anti-Thomas potency in different anti-Type 
TTT sera. The reactivity of the serum against typical Type IH 
pneumococci had no regular relation to its reactivity' against the 
Thomas pneumococci. For example, one of the anti-Type HI sera 
that was most reactive against typical Type IH pneumococci did not 
agglutinate the Thomas strain at all after 2 hours incubation at 3?°C. 
and only occasionally agglutinated it after storage in the ice box over- 
night. Similarly, one of the anti-Type IH sera that was weakly reac- 
tive against typical Type HI strains was as reactive against the Thomas 
strain as any of the sera that we tested. This lack of any relation 
between the anti-Thomas potency' and the anti-Type IH potency' of 
the individual sera is important if it represents a difference in the 
relative proportion of two slightly different antibodies in the serum 
obtained from different horses after immunization with Type TTT 
pneumococci. 


Variations in the Relative Potencies of Anti-Thomas Serum from 
Different Rabbits in Respect to Antibodies Reactive with Typical 
Type III Strains and Antibodies Reactive with the 
Thomas Strain. 

During the investigation, ten different rabbits were immunized with 
heat -killed suspensions of the Thomas pneumococci. A summary of 
the results of the tests of the potencies of these anti-Thomas rabbit 
sera is presented in Table II. 

An analysis of Table II reveals two important facts: (1) the anti- 
Thomas sera obtained from ten rabbits showed no great difference in 
their rcspecti\e potencies against the homologous strain; (2) in spite 
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of the uniformly good anti-Thomas immunity response, the sera of the 
same rabbits showed great differences in their respective potencies 
against the typical Type III strain. 

If the homologous potency be dismissed as uniformly good in all of 
the anti-Thomas -sera, it is possible to arrange the sera from the ten 
rabbits into three groups in respect to their potency against typical 

TABLE II. 

Variations in Relative Potencies of Anti-Thomas Immune Scrum from Different 
Rabbits in Respect to Antibodies Reactive with Typical Type III 
Pneumococci and Antibodies Reactive with the Thomas 
( Homologous ) Strain. 



Antibodies reactive with typical Type III 
pneumococci 

Antibodies reactive with Thomas 
(homologous) strain 


Agglutination 

O ' 

Passive protection of mice 
against IX 10“* or 1 X 
10—5 C c. of culture 

o 

t> CN 


Passive protection of mice 
against at least 1 X 10*» 
cc. of culture 

Anti-Thomas 

sera 

Unheated culture 

Heated culture 

Concentrated suspen- 
sion of heated bacter- 
ial cells 

Precipitation of S substc 
contained in culture 
trate 

Agglutination of unhe: 
culture by 1/160 or 1/ 
dilution of scrum 

Precipitation of S substa 
contained in culture 
trate in high dilution 
serum or of antigen 

Serum from 2 

4" 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

rabbits 









Serum from 7 

0 

db 

± 

0 

+ 

+ 

+ 

+ 

rabbits 









Serum from 1 
rabbit 

0 

0 

0 

0 

0 

+ 

+ 

+ 


0 = negative results in all tests with all sera; ± = definitely positive results 
with 5 of the sera, but equivocal results with 2 sera of this group; + = definitely 
positive results in all tests with all sera. 


Type III pneumococci. The first group includes the sera from two 
rabbits: these anti-Thomas sera agglutinated unheated broth cul- 
tures of Type III pneumococci almost as well as the best Type III 
immune horse sera and were much more reactive than some of the 
diagnostic sera supplied by biological houses for routine typing. The 
second group includes the sera from seven rabbits: they failed to ag- 
glutinate unheated cultures of Type III strains, some of them agglu- 
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tinated heated cultures, most of them agglutinated concentrated sus- 
pensions of the bacterial cells and all of them passively protected mice 
against typical Type III pneumococci. The third group includes the 
serum from one rabbit which, although highly potent against the 
Thomas strain, failed entirely to show any type-specific immunity 
against typical Type HI strains; the lack of protection against mini- 
mal doses, which is the most delicate criterion, being accepted as evi- 
dence of the complete lack of anti-Type HI antibodies. From the stand- 
point of the probability of the presence of two different anti-S anti- 
bodies in the same antiserum, it is important to note that these marked 
variations in anti-Type HI potency occurred in anti-Thomas sera 
which showed no significant differences in their potency against 
Thomas pneumococci. 

It seems unlikely that these differences in the amounts of anti-Type HI anti- 
body in anti-Thomas sera containing uniformly large amounts of the anti-Thomas 
antibody, are due to differences in the antigen injected. All of our ten rabbits 
were not immunized at the same time, and it happened that the first four rabbits 
(injected in June and July) gave better anti-Type ID responses than two rabbits 
immunized later (injected in September and October). We thought at that time 
that the poorer response of the latter rabbits might have been due to a change 
in the antigenic properties of the Thomas strain. In order to rule out the pos- 
sibility of the repeated mouse passage of the culture having changed the Thomas 
strain in the direction of loss of its Type III antigenic capacity, two rabbits were 
later (November and December) immunized with the mouse passage strain and 
two other rabbits with vaccine prepared from a culture which had been in the ice 
box for 3 months without animal passage. The sera of all four animals gave the 
usual strong anti-Thomas response; and the variations in the anti-Type TTT 
response were unrelated to the mouse passage of the culture. 

Tests for the Presence of Type-Specific Anti-Type III Antibody in 
Anti-Thomas Sera by Precipitation of Solutions of the 
Purified Carbohydrate S Substance Derived from 
Typical Type III Pneumococci. 

In preceding experiments, filtrates oi young broth cultures of the Thomas 
strain and oi tvp-.cal Type III strains were employed as sources of the specific S 
substance elaborated by virulent type-specific pneumococci. It seemed im- 
portant, however, to test the Thomas antisera against solutions of the purified 
carbohydrate S substance derived from typical Type HI strains (4). A sample 
of the carbohydrate S substance furnished for this purpose by Dr. O. T. Avery 
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of tlic Hospital of The Rockefeller Institute, was tested against the anti-Thomas 
immune sera. The tests were made by adding 0.2 cc. of serum to 0.5 cc. of three 
different dilutions of the S substance (1/10,000, 1/50,000 and 1/100,000). The 
immune sera from four of the animals immunized earlier in the investigation were 
no longer available at the time the purified solution was obtained. 

The results of the tests with the purified carbohydrate confirmed the 
results of the preceding tests with the filtrates of the Type III cul- 
tures, for the sera of some of the rabbits immunized with Thomas 
pneumococci precipitated the solutions of the highly specific and chemi- 
cally purified carbohydrate substance prepared from typical Type III 
pneumococci. The prozone phenomenon was much more marked 
than in tests 'with anti-Type III horse serum. The two most reactive 
anti-Thomas sera precipitated the 1/50,000 solution better than the 
1/10,000 solution, and gave no definite reaction at all in tests with 
1/1,000 solution. This marked prozone made it seem inadvisable 
to attempt to increase the number of positively reacting anti-Thomas 
sera by repeating the tests with higher concentrations of antigen. 

Absorption of Type III Immune Horse Sera with Suspoisions of 
Typical Type III Pneumococci and with Suspensiotis 
of the Thomas Strain. 

Anti-Type III serum was absorbed with suspensions of typical Type 
III pneumococci and with suspensions of Thomas pneumococci. In 
view of the factors that may influence the results of absorption tests, 
ten experiments were made with three different anti-Type III immune 
sera, under quantitatively different sets of conditions. 

The results of these experiments were the same as those usually 
obtained in reciprocal absorption experiments with immunologically 
related, but different, kinds of bacteria. Absorption of the anti- 
Type III serum with the typical strain (homologous) completely 
exhausted it not only of antibodies reactive with typical Type III 
strains but also of those reactive with the Thomas strain. On the 
other hand, repeated absorption with the Thomas bacteria (heterol- 
ogous) removed only the antibodies reactive with the Thomas strain 
and had little, if any, effect upon the potency of the serum when tested 
against the typical strain. The failure of repeated absorption with 
the Thomas bacteria to reduce the anti-Type III potency seems to us 
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to indicate the presence of at least two different type-specific (anti-S) 
antibodies in Type III immune horse serum, only one of which can be 
removed by the Thomas strain. 

Absorption of Anli-Thomas Immune Sera with Suspensions of Typical 
Type III Pneumococci and with Suspensions of the 
Thomas Strain. 

Anti-Thomas serum, potent against both typical Type Eli strains 
and the homologous Thomas strain, was absorbed with suspensions 
of the typical Type HI bacteria and with suspensions of the Thomas 
bacteria under conditions analogous to those employed in the absorp- 
tion of anti-Type III serum. The results of these experiments, which 
have been repeated many times with four different anti-Thomas im- 
mune sera, are summarized as follows: 

Absorption of anti-Thomas serum with the homologous strain 
stripped the serum of antibodies reactive with typical Type m organ- 
isms as well as those reactive with the homologous (Thomas) organ- 
isms. Absorption with the typical Type IH strain, on the other hand, 
removed only the antibodies reactive with typical Type HI organisms 
and did not significantly diminish the anti-Thomas potency of the 
serum. 

Tests with Other Typical Strains of Type III Pneumococci. 

In most of the previously described experiments, one strain (A 66, 
Hospital of The Rockefeller Institute) was utilized as the representa- 
tive of the typical Type HI group. In order to determine if the rela- 
tions found between the Thomas strain and the representative typical 
strain would hold true for other “typical” strains of Type IH pneu- 
mococci we have repeated most of the described experiments with 
three different Type III strains recently isolated from different 
patients at the Vanderbilt University Hospital. 

I he anti-Thomas scrum agglutinated and protected against the 
recently isolated strains as well as in the previous tests with the Rocke- 
feller laboratory strain. Similarly, the Type III immune horse sera 
were completely stripped of antibodies (both anti-Type HI and anti- 
1 homas) by absorption with the Nashville strains; and absorption of 
the anti-Thomas sera removed the anti-Type III and not the anti- 
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Thomas antibodies just as had absorption with the previously used 
Rockefeller strain. The repetition of the preceding experiments with 
these different and recently isolated strains adds considerable strength 
to all of the results and makes the absorption experiments much more 
convincing. 

While the three strains (isolated in Nashville) represent too small a 
number to argue for the immunological homogeneity of the Type III 
group, the experiments with the recently isolated strains do serve to 
rule out the possibility that the preceding absorption results were due 
simply to our having used the same strain as that commonly used in 
the production of the Type III diagnostic serum in the different labo- 
ratories, and show that the anti-Thomas immune serum contains 
antibodies reactive with more than one strain of “typical” Type III 
pneumococci. 

The necessity of repeating the preceding work with those additional strains 
which were known not to be the same as those utilized in the production of the 
anti-Type III serum is especially evident in view of the possibility that all of the 
biological producing laboratories may use the same strain in the production of 
anti-Type III diagnostic serum. And, it seemed probable to us that perhaps 
this one strain, the original source having been the Hospital of The Rockefeller 
Institute, might be the same one as that which we have employed as the repre- 
sentative Type III strain in our preceding experiments. 

The Protection Test as a Criterion of the “ Type Purity 1 ' 1 of Pneumococcus 

Cultures. 

The Thomas strain has been plated out repeatedly and we are convinced that 
its serological relationship to Type III is real, and not an apparent relationship 
due to the use of a mixed culture containing a few Type III organisms together 
with an unrelated Group IV strain. The fact that Type IH immune horse sera 
produced in four different laboratories (by immunization with presumably “pure” 
Type III organisms) possessed marked protective power against the Thomas 
strain, seems to us to be in itself convincing evidence of the “type purity” of the 
culture. 

As pointed out by Avery (1) specific protection is the ultimate criterion of type 
specificity among the pneumococci. Since protection tests offer the most delicate 
index of the presence of pneumococcus type-specific antibodies and suffice to 
detect them in antisera when test-tube methods fail, they should likewise prove 
to be the most delicate criteria of the “type purity” of pneumococcus cultures. 
For example, agglutination with the usual type sera would probably fail to detect 
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the presence of virulent Group IV pneumococci if mixed in small amounts with a 
Type III culture, but if passive protection tests vrere made, the mice would be 
infected by the small numbers of virulent Group IV organisms in spite of the 
protection conferred against the Type m bacteria themselves. 

While it seemed certain that this principle would always hold true with virulent 
cultures, we have made two different sorts of experiments in order to test it. 
Firgt, experiments were made in which the protective power of Type HI serum was 
tested against: (a) Type IH bacteria by themselves; ( b ) mixed cultures con- 
taining Type III and Type II bacteria in proportion of 1,000 to 1; (c) mixed 
cultures containing Type m and Type II in proportion of 10,000 to 1. The 
results of these experiments were exactly what one would expect if the presence 
of sensitized Type III pneumococci did not affect the virulence of the heterologous 
organism. The Type III serum protected against Type HI alone, and failed 
against mixtures of Type HI bacteria with 0.1 and 0.01 per cent of the heterologous 
organisms. All of the mice were autopsied. It is obvious that the experiment 
was concerned only with the animals which were killed by the mixed culture and 
not by the same amount of “pure” Type HI; and typing of the heart’s blood 
culture from these mice indicated that the heterologous organism was the sole 
cause of death and that the sensitized Type HI bacteria had failed to survive in 
the blood stream even in mice having a septicemia due to the heterologous type. 

Second, experiments were made to test the effect of the presence of small 
numbers of the Thomas bacteria upon the protective action of Type H serum; 
tests being made against: (a) Type II bacteria alone; (6) mixtures of Type H 
and Thomas bacteria in proportion of 10,000 to 1 ; (c) mixtures of Type H and 
Thomas bacteria in proportion of 100,000 to 1. The results of these experiments 
were analogous to the first ones; and in this case (due to the higher degree of 
homologous protection of the Type n serum), the protection test served to detect 
the presence of Thomas (heterologous) bacteria in the Type H culture even when 
present in the proportion of 1 to 100,000 of the homologous organisms. 

DISCUSSION. 

The preceding experiments dealt with the immunological properties 
of the Thomas strain of Pneumococcus which is related to but not 
identical with typical Type III strains. In respect to the reactions in 
potent anti-Type III immune horse serum, the relationship between 
the Thomas strain and typical Type III strains is about the same 35 
that evidenced in anti-Type II scrum between typical Type II strains 
and most of Avery’s Subgroup II strains. But, when the'eomparison is 
made in anti-Thomas immune scrum, it is evident that the relationship 
of the Thomas strain to typical Type III pneumococcus is different, for 
the anti-Thomas immune scrum (from most rabbits) agglutinates and 
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protects against typical Type III, while none of the anti-Subgroup 
II immune sera were reactive against typical Type II pneumococci. 
The production of sera reactive against typical Type III pneumococci 
by injection of the Thomas strain is particularly interesting in Anew 
of the rarity of obtaining an effective anti-Type III immunity re- ' 
sponse in rabbits by the injection of typical Type III pneumococci. 
From these results it appears that antibodies reactive with typical 
Type III pneumococci can be produced more readily when rabbits are 
immunized with the Thomas bacteria than when immunized with 
typical Type III bacteria themselves. Whether the antigen in the 
Thomas bacterial cell which is responsible for the antibody reactive 
with the Type III bacteria is the same as the corresponding antigen in 
the Type III bacterial cell is another question. 

The anti-Type III immune serum from different horses and the anti- 
Thomas serum from different rabbits, usually contained antibodies 
reactive both with the Thomas bacteria and with the typical Type III 
bacteria. It is particularly important that there was an entire lack 
of any regular relation between the relative anti-Thomas and anti- 
Type III potencies of the different individual antisera. The pro- 
nounced variations in the relative potencies of individual antisera in 
respect to antibodies reactive with the two kinds of pneumococci 
may represent differences in the relative proportion of two different 
anti-S antibodies in the antiserum from different individual animals. 
The variation in the anti-Type III potency of the different anti- 
Thomas sera is probably due to differences in the response of the indi- 
vidual rabbits to the particular Thomas antigen which gives rise to the 
anti-Type III antibody, for Tillett (3) found marked differences in 
the individual anti-Type III responses of rabbits when Type III 
bacteria themselves were injected. The possible variations in the 
antigenic character of the cultures (both of the Thomas and of the 
typical Type III strains) does not seem to be a likely explanation of the 
variations in the immune sera for we frequently obtained wide differ- 
ences in the relative anti-Type III potency in the anti-Thomas sera of 
different rabbits immunized at the same time with equal amounts of 
the same Thomas vaccine. 

The results of absorption experiments with both typical Type III 
antiserum and Thomas antiserum were the same as those usually ob- 
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tamed in similar tests with immunologically related, but not identical 
bacteria. That is, homologous absorption removed all of the antibodies 
from each ser um , and heterologous absorption removed only the anti- 
bodies reactive with the strain used in absorption and failed to exhaust 
the serum of antibodies reactive with the strain used in immunization. 
The failure of reciprocal absorption together with the variations in the 
( Anti-Thomas potency \ 

relative potencies (mtioof m potency/ of the antlserum 

from different individual animals could be presented as presumptive 
evidence that two different anti-S antibodies are contained in Typein 
immune horse serum. Although there is no evidence of complexity 
among the type-specific antigens of the “fixed” types of pneumococci, 
the same S substance united with slightly different protein constitu- 
ents might give rise to related but slightly different type-specific 
antibodies. 

In his original paper on the Subgroup Type EE pneumococci, Avery 
(1) pointed out that the serological relationship did not in itself indi- 
cate that the Subgroup Type II and typical Type II strains were 
related by the lineage of common descent. The later developments 
in knowledge (2) of the antigenic constituents of the pneumococcus 
cell show more clearly that a serological relationship like that between 
the Thomas strain and typical Type III strains is not always a true 
index of phylogenetic relationship. It is now well known that there 
arc two sorts of antigen-antibody systems involved in the immunologi- 
cal reactions of pncumococd: the S-anti-S reactions of type spe cifi city, 
and the P-anti-P reactions of species specificity. There is much evi- 
dence that the second of these reactions is the more likely to indicate 
phylogenetic or truly biological relationship. Since the S-anti-S 
reactions separate into distinct “types” the pneumococci which mani- 
fest group relationship by P-anti-P reactions, it is important to recog- 
nize the possibility of biologically fortuitous likenesses in the chemical 
structure of some one of the cell constituents of phylogenetically un- 
related bacteria. This possibility is well illustrated by the similarity 
between the S substance of Type II pncumococd and the S substance 
of some strains of Fricdlandcr’s badllus (5). The common sense of 
the biologist would predude the assumption of a doscr phylogenetic 
relationship between Type II pneumococcus and Fricdlandcr’s badl- 
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lus than between Type II pneumococcus and Type I or III, simply 
because of a greater chemical likeness between the carbohydrates 
elaborated by the bacteria. But, in point of fact, as far as the S-anti- 
S reactions are concerned, the serological relationship of the Thomas 
bacteria to the typical Type III bacteria is no more pronounced than 
that between Friedlander bacilli and Type II pneumococci; and hence, 
there is no real reason to believe that the Thomas strain is any more 
closely related, in a truly biological sense, to Type III than to any other 
virulent Pneumococcus. 

In the absence of any evidence of phylogenetic relationship, the 
Thomas strain can best be considered as a Pneumococcus whidi, in 
addition to distinct immunological properties of its own, possesses a 
partial antigenic relationship to the typical Type III pneumococcus. 
The degree of type specificity manifested by Types I, II and III pneu- 
mococci is of a higher order than that usually obtained between the 
“types” contained in most groups of bacteria. But, in view of the 
wide range of immunological possibilities that are presented by Group 
IV pneumococci, one can expect to find a certain number of pneu- 
mococci that are related to but not identical with one of the “fixed” 
types. While there have been few, if any reports of pneumococci 
related to Type III it is quite possible that the use of a more highly 
reactive Type III diagnostic antiserum would result in the detection 
of strains related to Type III which would be included within Group 
IV on the basis of typing tests with weak Type III antiserum. This 
possibility is mentioned because of our own experience with the 
Thomas strain. "When first typed in our laboratory, it was con- 
sidered a Group IV strain and its Type III relationship was not recog- 
nized until a subsequent typing test was made with a more potent 
Type III antiserum than that which we had been using for routine 
typing. 

SUMMARY. 

The paper reports a study of a virulent, S-producing strain of Pneu- 
mococcus which is immunologically related to, but not identical with 
typical strains of Type III pneumococcus. In a potent anti-Type III 
serum, the relationship of this strain to typical Type III strains appears 
to be about the same as the relationship of Avery’s Subgroup Type II 
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strains to typical Type 33. But a more pronounced distinction is 
evident in the antiserum produced by immunization -with the strain 
related to Type 133. This antiserum contained antibodies specifically 
reactive with typical Type 133 bacteria as well as antibodies reactive 
with the homologous strain, while anti-Subgroup Type II immune sera 
are devoid of antibodies reactive with typical Type 33 pneumococci. 

The results of absorption experiments were the same as those usually 
obtained with immunologically related, but not identical bacteria. 
The failure of reciprocal absorption and the marked variations in the 
relative potencies of the antiserum from different individual animals 
might be presented as presumptive evidence that two different anti- 
S antibodies are contained in Type III immune horse serum. 

The theoretical significance of virulent pneumococci which are related 
to but not identical with the “fixed” types, is discussed from the stand- 
point of their importance in the biological classification of the Pneu- 
mococcus group. 
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STUDIES ON IMMUNOLOGICAL RELATIONSHIPS AMONG 
THE PNEUMOCOCCI. 

H. A Comparison or the Antibody Responses op Mice and op 
Rabbits to Immunization with Typical Type III 
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(From the Department of Bacteriology and Immunology, Vanderbilt University 
Medical School, Nashville) 

(Received for publication, February 29, 1928.) 

INTRODUCTION. 

The previous paper (1) dealt with the properties of a mouse-virulent 
strain (Thomas) 1 of Pneumococcus, which is immunologically related 
to, but not identical with typical Type IH pneumococci. One of 
its most prominent properties is its antigenic effectiveness in rabbits. 
In contrast to the rarity of a detectable type-specific (anti-S) 5 response 
on injection of typical Type HI strains, immunization with the Thomas 
strain invariably yielded high titles of anti-Thomas antibodies and 
usually also yielded measurable amounts of antibodies specifically 5 
reactive with Type IH pneumococci. These differences between the 

• Miss Harris' cooperation in this work was made possible by a grant from 
The Henry Strong Denison Medical Foundation. 

‘The terms “Thomas” strain and "anti-Thomas” scrum arc employed, as in 
the preceding paper, to refer to the “non-typical” strain and its antiserum. 

5 The distinctions between the anti-S antibody and the anti-P antibody in the 
serological reactions of Type III pneumococci have been pointed out in detail by 
Tillctt (3). As stated in the preceding paper, the immunity systems involved in 
the reactions of anti-Thomas scrum with typical Type III pneumococci are the 
same or similar to the S-anti-S systems involved in the type-specific reactions of 
the “fixed ' types v.ith their homologous antisera. The anti-Thomas scrum is 
ju<t as devoid of effect upon Types 1 and II pncumococd as is anti-Typc III 
serum, and the 7 homes bacteria arc Just as little affected by anti-Typc I or anti- 
Typc II serum as arc typical Type Hi pneumococci. 
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response of rabbits to the Thomas strain and their response to typical 
Type III strains seem to be important, especially in regard to the 
anti-Type III response elicited by injection of the Thomas strain. 

It has been general experience (2), not only with rabbits but also 
with larger animals, that potent anti-Type III immune sera are more 
difficult to obtain than are potent anti-Type I and anti-Type II im- 
mune sera. The question arises, therefore, whether the antigen which 
gives rise to the Type III anti-S antibody is intrinsically a less effec- 
tive antigen in all animals, or whether this antigen which seems to be 
so ineffective might not in other animals elicit responses comparable 
to those invoked by other types of pneumococcus anti-S antigens. 

As a step in the accumulation of data on this question, we have 
compared the antibod}'- response invoked in rabbits with that invoked 
in mice when the two species of animals are immunized with typical 
Type III pneumococci and with the related, but different, Thomas 
strain. The measurements of the immunity response have included 
antibodies reactive with the Thomas strain as well as those reactive 
with typical Type III strains, for anti-Type III horse serum and anti- 
Thomas rabbit serum usually contain antibodies reactive with both 
kinds of pneumococci (Thomas and Type III). 

EXPERIMENTAL. 

Comparison of the Antibody Response of Rabbits to Immunization with 
Typical Type III Pneumococci with their Response to Immuni- 
zation with the Thomas Strain When the Amounts of 
Bacterial Antigen Are Equal. 

The fact that rabbits respond poorly to Type III pneumococci is 
clearly shown in Tillett’s (3) extensive study in which 18 out of 28 
rabbits failed to produce in their serum even the small amount of 
type-specific antibody detectable by the delicate mouse protection 
test. That the Thomas strain is more effective is evident from the 
results of the preceding investigation (1) in which, in addition to the 
uniformly high degree of anti-Thomas potency in all sera, only 1 out 
of 10 rabbits failed to produce the small amount of antibody required 
to specifically protect mice against virulent Type III pneumococci. 
These facts strongly suggest that the Thomas bacteria are more effec- 
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tive in invoking an anti-Type m response in rabbits than are the 
typical Type III bacteria themselves. It seemed desirable, however, 


TABLE I. 


Comparison of ike Response of Rabbits to Ike Injection of Typical Type III Pneu- 
mococci vAth the Response to Equal Amounts of the Thomas Strain. 


Imrr.ur.e scrum 


Rabbit 


Immunization 

material 


1 Thomas strain 

2 Thomas strain 

3 Typical Type III 
strain 

Typical Type III 
strain 

Anti-Type III hone scrum 
(control) 

Anti-Type I and anti-Typc 
II horse scrum (controls) 


Anti-Type m potency 


As^lutiuution 

Pixsjre protection 
of mice virulent 
Type III culture 

Heated broth 
culture 

Concentrated 
suspension of 
heated bacterial 
cells 

Serum dilution 

Serum dila 

lion 

Bore of culture, cc. 

Undilu- 

ted 

2/S 

i/s 

Un- 

dilu- 
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1/5 
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1 X 
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1 X 
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definite granulation of the 


compact disc, but supernatant not entirely dear; 
bacteria which persists after thorough shaking. 

EKlUt T tcd partidcs almost complete within 10 min- 
utes at 25 C., ff - sedimentation begun and fluid partially cleared bv aggregation 

irlirlec- f _ .... ... ' M“»«uuu 


definite granulation of the bacteria but fluid not 


of agglutinated partidcs; f 
cleared by aggregation. 

D « mice died within 72 hours in all tests; D-S - protection irregular mice 
dying in some tests and surviving in others ; S - mice survived in all teV’C 
lencc controls died within ,2 hours when injected with 1 x 10'* cc. of culture. 

that a comparison be made by experiments in which the amount of 
me cnnl antigen and the number of injections were exactly the same. 
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of broth culture in each dose; a week’s rest was given between the first and second 
courses, and the animals were bled 10 days after the last injection. Two other 
rabbits of the same weight were immunized with the Thomas strain by the same 
number of injections and with the same amount of bacterial suspension. A sum- 
mary of the tests of the immune sera is presented in Table I. 

The results in Table I show that the particular rabbits injected with 
typical Type III pneumococci in this experiment failed to produce 
antibodies reactive with the homologous bacteria, although both of 
the rabbits immunized with the same amount of the related but 
different strain, produced antibodies reactive with typical Type III 
pneumococci. While the anti-Type III potency of the anti-Type 
III and anti-Thomas serum as obtained from different immune rab- 
bits will vary, the individual rabbits of each series used in this particu- 
lar experiment yielded serum that can be accepted as possessing about 
the average potency exhibited by Tillett’s series of 28 rabbits and by 
our previous series of 10 rabbits. Hence, with the above results con- 
sidered as representative of those most likely to be obtained until 
rabbits, it is evident that rabbits can produce antibodies specifically 
reactive with typical Type III pneumococci more readily when in- 
jected with the Thomas strain than when injected with typical Type 
III pneumococci themselves. The results in Table I are important 
as evidence that this relation holds true when the amount of total 
bacterial antigen and the conditions of immunization are kept constant. 

Both of the rabbits injected with the Thomas bacteria yielded serum 
potent against the homologous strain, while neither of the anti-Type 
III rabbit sera reacted at all with the Thomas strain. Since our chief 
interest is in the anti-Type III response, the results of the tests of the 
anti-Thomas potency are not included in Table I. 

Comparison of the Active Immunity Response of Mice to Vaccination 
•with Typical Type III Pneumococci until the Response to Vac- 
cination with the Thomas Strain of Pneumococci. 

The preceding experiment dealt with the responses of rabbits to 
immunization with typical Type III pneumococci and to immuniza- 
tion with the Thomas strain. The following experiment deals with 
the responses of mice to immunization with these two related but 
different kinds of pneumococci. 
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Immunization . — Two series of 60 white mice, about 3 months old, were selected 
for immunization; one series was injected with the Thomas strain and the other 
with a typical Type III strain. The organisms from 10 hour broth cultures were 
resuspended in salt solution and heated at 60 = C. for 30 minutes. The suspensions 
of the two lands of pneumococci were compared and when not approximately equal 
in turbidity, the stronger suspension was diluted until the concentration of total 
bacterial substance in each was about the same. Each mouse received, subcuta- 
neously, 0.5 cc. of the respective vaccine (Type m or Thomas), equivalent to 0.15 
cc. of broth culture, every 2 days for six doses; after which time one dose was given 
intraperitoneally. 10 days after the last injection, 20 mice from each series were 
tested for immunity against the two kinds of pneumococci. The remainder were 
given a second course of immunization with freshly prepared vaccine in the same 
doses as in the first course. After a rest period of 10 days, another lot of the im- 
munized mice was tested for immunity either against the Thomas strain or against 
the typical Type III strain. 

Test: of Immunity . — The active immunity of the vaccinated mice was tested by 
intraperitoneal injection of 0.5 cc. of broth containing the desired amount of a 
10 hour broth culture of virulent pneumococci. Some of the mice vaccinated with 
typical Type III were tested against the Thomas strain and others against the 
homologous typical Type III strain; the Thomas-vaccinated mice were likewise 
tested against the typical Type III strain as well as against the homologous strain. 

The doses used were 1 X 10-* and 1 X 10~* cc. of broth culture. These doses 
arc not unreasonably small since both cultures were highly virulent and killed 
mice regularly in doses of 1 x 10 -5 cc. Moreover, it seemed unwise to overtax 
the active immunity of the mice, especially in the case of Type HI, in which the 
passive immunity conferred by immune horse serum is usually overwhelmed by 
doses above 1 X I0 -4 cc. As a matter of fact, however, the Type Hi-vaccinated 
mice which had responded at all, apparently were able to resist doses approxi- 
mately equivalent to those against which Type HI horse scrum can protect, for 
3 out of 4 vaccinated mice which were tested against 1 X 10* 4 cc. resisted this large 
dose in a later experiment. 

The tests were made after both one and two courses of vaccinations. However, 
one course proved as effective as two courses, and since there is no essential differ- 
ence in the tests, the results of the entire experiment are summarized in Tabic H. 


Tabic II presents a summary of the results of experiments upon 
the active immunity response of mice to vaccination with the two 
related, but different, lands of pneumococci— i.c., a typical Type III 
strain and the Thomas strain. In a previous investigation (4) on 
the active immunization of mice against Type II pneumococci, it 
was found that within the zone of reasonably small dosage, the num- 
ber of invading bacteria was a relatively unimportant factor in com- 
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parison to the factor of the differences in the immunity responses of 
the individual mice. For this reason, we believe the results of experi- 
ments on the active immunity response of mice can best be analyzed' 
upon the basis of the percentage of individuals protected among a. 
large group of vaccinated mice. 

In the analysis of Table II, it is best to consider first the response of 
the mice as indicated by their immunity against the same strain as- 
that with which they were vaccinated. It is evident that the mice- 
vaccinated with Type III pneumococci responded fairly well in re- 
spect to the development of an immunity affording homologous pro- 
tection, for 75 per cent of the 20 animals tested survived the injection 


TABLE II. 


Summary of Tests of the Response of Mice to Immunization with the Typical Type III 
Strain and with the Thomas Strain as Evidenced by Their Active Immunity 
against Virulent Cultures of These Two Kinds of Pneumococci. 


Vaccinated mice 

Mice vaccinated with typical 
Type III pneumococci 

Mice vaccinated with Thomas 
strain of pneumococci 

Homologous 
protection 
(vs. 1 X 10-« 
or 1 X 10~« cc. 
of virulent 
Type III 
culture) 

[ 

Heterologous 
protection 
(vs. 1 X 10-5 
or 1 X 10-« cc. 
of virulent 
Thomas 
culture) 

Homologous 
protection 
(vs. 1 X 10-5 
or 1 X 10-» cc. 
of virulent 
Thomas 
culture) 

Heterologous 
protection 
(vs. 1 X 10-5 
or 1 X I0-* cc. 
of virulent 
Type III 
culture) 

Number tested 

20 

Hi: 

22 

15 

Number protected 

IS 

m 

9 

0 

Percentage of protection 

75 

0 

40 

0 


of virulent Type III bacteria. The response of the mice to the Thomas 
vaccination was apparently somewhat less effective, for only 40 per 
cent of the animals tested survived the injection of the Thomas or 
homologous bacteria. Thus, it is evident that from the standpoint 
of the development of immunity against the homologous kind of 
pneumococci, mice differ from rabbits in respect to the relative effec- 
tiveness of the typical Type III antigen and the Thomas antigen. 
Rabbits almost invariably respond well to the Thomas strain by 
producing immune sera of a high degree of potency, comparable in 
all respects to that elicited by Type II pneumococci, while an effec- 
tive response of rabbits to the typical Type III antigen is the excep- 
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tion rather than the rule. The important fact in regard to the 
homologous protection in Table H is not that the mice do not respond 
uniformly well to the Thomas vaccination, but rather that such a 
large percentage of the mice are effectively protected by the Type HI 
vaccination. The percentage of homologous protection exhibited by 
the Thomas-vaccinated group is just as high as that obtained in a 
previous investigation with Type II pneumococci, in which only 30 
to 40 per cent of a large number of mice were effectively protected by 
homologous vaccination by the procedure employed in the present 
study. Thus, it appears that in respect to the development of homol- 
ogous protection, mice respond just as well, and even better, to the 
Type III antigen than they do to two other kinds of pneumococci 
which in rabbits invoke incomparably better responses than do Type 
III pneumococci. 

The response of the mice as evidenced by their immunity against 
the heterologous strain is less important, although it is interesting to 
observe that the mice failed to develop an}’ detectable immunity 
against the related strain. If the mice had been more uniformly 
protected against the homologous strain, the lack of immunity against 
the heterologous strain would be important, for Type m immuniza- 
tion of horses does give antibodies reactive with the Thomas strain, 
and Thomas immunization of rabbits usually gives antibodies reac- 
tive noth typical Type III strains. 

Immunity Response of Mice as Evidenced by Passive Prelection 

Experiments. 

Since active immunity is not always the same as passive immunity, 
it seemed important to determine whether or not the serum of the 
vaccinated mice could confer passive protection to other mice. 

In order to eliminate the factor of differences in the individual responses of the 
vaccinated mice, the serum from S mice vaccinated v.itli Thomas bacteria was 
pooled and wed a? the anti-Thomas immune mouse scrum; and the serum from 
8 mice vaccinated vrilh the Type III bacteria was used collcctivclv as the anti- 
7 ype III immune mouse serum. Passive protection experiments were then made 
by the usual procedure with doses of 1 X 10-* and 1 X 10”' cc. of culture, theanti- 
Thomas fC rum being tested against both Thomas and Type III bacteria and the 
anti-1 ype III scrum against both Type III and Thomas bacteria. 
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The results of the passive protection experiments were in all respects 
analogous to those obtained in the previously described active im- 
munity tests. The factor of differences in the individual responses 
of the vaccinated mice was eliminated by pooling the immune serum. 
The anti-Type III immune mouse serum gave passive protection 
against Type III alone and not against the related Thomas bacteria; 
and the anti-Thomas immune serum gave protection against the 
Thomas bacteria and not against the typical Type III strain. The 
immune mouse sera, however, are scarcely comparable in homologous 
potency to the anti-Type III horse serum or the anti-Thomas rabbit 
serum; and hence their lack of heterologous potency is of less impor- 
tance, for it is common experience that an antiserum of a slight degree 
of homologous potency is more usually of a higher degree of specificity. 

Tests with a Recently Isolated Strain of Typical Type III Pneumococcus 
of Different Origin from the Type III Strain Employed in 
Vaccination of the Mice. 

In the preceding experiments, the mice were tested against the 
same strain of typical Type III pneumococci as that employed in the 
vaccination. In the previous investigation (1), the immunological 
relationships evidenced in rabbit and horse antisera between this 
strain of Type III pneumococci and the Thomas strain were proved 
to hold true for three other strains of Type III pneumococci which 
had been recently isolated in Nashville. While there was this evi- 
dence in favor of the immunological homogeneity of typical Type III 
strains, it seemed important to repeat the experiments with a Type 
III strain known to be of different origin from the Rockefeller strain 
with which the mice had been vaccinated. A strain of Type III pneu- 
mococci which had been isolated about 10 days previously from a 
patient in the Vanderbilt University Hospital was utilized for this 
purpose in active immunity tests against mice vaccinated with the 
Rockefeller Type III strain and against mice vaccinated with the 
Thomas strain. Passive protection tests were also made as described 
previously with both anti-Type III and anti-Thomas immune mouse 
serum. 

The results were exactly the same as those reported for the tests 
with the strain which had been used in vaccination. The mice vac- 
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dnated with, the Rockefeller Type m strain were protected and the 
mice vaccinated with the Thomas strain were not protected against 
the Nashville Type IH strain. Similarly, the immune serum from 
mice vaccinated with the Rockefeller Type HI strain did give, and 
the serum from the mice vaccinated with the Thomas strain did not 
give passive protection to other mice against the Nashville Type IH 
strain. 

These tests were made against only the one foreign strain and are 
not presented as an argument for the homogeneity of the Type Hf 
group of pneumococci. But the identical results obtained in these 
experiments together with those in the preceding investigation, prove 
that the failure of reciprocal protection of mice against Type HI pneu- 
mococci by active or passive immunization with the Thomas strain, 
and the failure of reciprocal protection of mice against the Thomas 
strain by active or passive immunization with the Rockefeller typical 
Type III strain, are not phenomena dependent upon the use of pre- 
cisely the same Type III strain in the immunization and subsequent 
immunity tests. 

Virulence oj the Thomas Strain and of the Typical Type III Strain for 

Rabbits. 

In view of the marked differences between the relative immunity 
responses of mice and those of rabbits to immunization with typical 
Type HI strains and the Thomas strain, it is important to record the 
tests of the virulence of these strains for the two species of animals. 
Both the Thomas strain and the typical Type EH strain (A 66, Hospi- 
tal of The Rockefeller Institute) were highly virulent for mice, killing 
them regularly when doses of 1 X 10~ 8 cc. of broth culture were in- 
jected; but it has been shown by Tillett (5) that the virulence of Type 
III pneumococci for mice is by no means an index of the virulence of 
the same strains for rabbits. 

Itccau'c of the probably marked differences in the natural immunity of different 
individual rabbits r.hich has been suggested by Tillett, four rabbits were tested 
"ifh each 'train. The individual doses were 1 cc. intravenously, 5 cc. intra- 
venously, 5 cc. intraperitoneally and 10 cc. intraperitoneally. None of the rabbits 
died even from the large". do< C s of the typical Type III strain. Tv. o of the rabbits 
(tho>e injected with 5 cc. and with 10 cc. intraperitoneally) were killed by the 
n.oma* • train. T he culture' injected had not been passed through rabbits. 
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From these results, it is etddent that, although neither strain is 
highly virulent (at least without exaltation of potential virulence by 
rabbit passage), the Thomas strain is more virulent for rabbits than 
is the typical Type III strain. 

DISCUSSION. 

The preceding experiments have dealt with the relative effective- 
ness of the responses of mice and of rabbits to immunization with a 
typical Type III strain in comparison with their response to immuniza- 
tion with the Thomas strain which is related to but not identical 
with Type III pneumococcus. 

In regard to the response of rabbits, the apparent relationship 
between the antigenic effectiveness of the two kinds of pneumococci 
was the same as that already described in the preceding paper; but 
the results of the present study are important in that the conditions 
of immunization and the dosage were kept constant in the animals 
injected with the two strains. From the standpoint of the develop- 
ment of homologous, specific antibodies, the Thomas strain was in- 
comparably more effective; the anti-Thomas rabbit sera having, as 
usual, a high degree of anti-Thomas potency; and the anti-Type III 
rabbit sera being, as is frequently the case, devoid of anti-Type III 
potency. The greater effectiveness in rabbits of the Thomas antigen 
was also true from the standpoint of anti-Type III potency; and the 
results in this investigation, as in the preceding one, furnish evidence 
that rabbits can produce antibodies specifically reactive with typical 
Type III pneumococci, more readily when injected noth the Thomas 
strain than when injected with typical Type III pneumococci them- 
selves. 

With mice, the results were quite different. In the experiments with 
these animals, it was found that vaccination with typical Type III 
pneumococci elicited somewhat better immunity responses, — as indi- 
cated by the higher percentage of individuals which were protected, — 
than (did vaccination with the Thomas strain. The immunity in 
both instances was limited to homologous protection, for both the 
Thomas strain (which in rabbits invoked an anti-Type III response) 
and the typical Type III strain (which in horses invokes an anti- 
Thomas response) failed to invoke an immunity against the related 
but different kind of Pneumococcus. From the standpoint of the 
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active immunity exemplified by homologous protection, the typical 
Type m strain proved not only to be more effective antigenically 
than was the Thomas strain, but also, in comparison with the results 
of a previous study (4), it appeared to be a more effective antigen in 
mice than are Type II pneumococci, — although the latter, like the 
Thomas pneumococci, almost invariably give better immunity re- 
sponses in rabbits. 

Thus, the results show that the relative antigenic effectiveness of 
these two kinds of related pneumococci, is different in different ani- 
mals; in rabbits, the Thomas strain is more effective than typical 
Type IH; in mice, the typical Type HI is better than Thomas. These 
relationships furnish an example of the influence of the species of 
animal upon the apparent effectiveness of bacterial antigens, for 
while the potential antigenicity is resident in the chemical structure 
of the antigen, its actual effectiveness in practice is determined 
by the individual response of the particular animal. This example 
of the marked differences in the selective effectiveness of the two 
different antigens is the more interesting in view of the close serological 
relationship of the two kinds of pneumococci utilized as antigens. 


SUMMARY. 


The paper reports an experimental comparison of the antibody 
responses of mice and of rabbits to immunization with typical Type 
III pneumococci and a strain related to Type HI. The results as a 
whole show that the relative antigenic effectiveness of these two kinds 
of related pneumococci, is different in different animals. In rabbits 
the strain related to but not identical with Type HI elicits the better 
response; in mice, the typical Type HI strain is more effective. These 
relationships furnish an example of the influence of the species of 
animal upon the effectiveness of even closely related bacterial antigens. 
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TJDDER INFECTION WITH STREPTOCOCCI OF THE 
SCARLET FEVER TYPE. 

I. Spontaneous and Experimental TJddee. Intection. 

By F. S. JONES, V.M.D., and RALPH B. LITTLE, V.M.D. 

(From ike Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication, March 9, 1928.) 

During the past four decades many outbreaks of scarlet fever attrib- 
uted to contamination of milk supplies have been reported. This 
occurrence claimed considerable attention during the later ’80’s of 
the 19th century. Since then, although outbreaks attributed to milk 
have been recorded, the number has apparently declined. In certain 
particulars epidemics due to contaminated milk resemble each other. 
Their explosive nature — the bulk of the cases occur during a short 
period, usually within a week — is characteristic. The history that 
the sick have partaken of milk from a common source and the fact 
that the disease is not epidemic in other parts of the community 
having a different milk supply are equally significant. 

The origin of milk-borne epidemics of scarlet fever has in the past 
led to much discussion. 

Probably the most commonly held view is that of actual contamination of the 
milk by convalescents or persons actually sick with the disease. This view is 
supported by many recorded outbreaks in which persons known to have come in 
contact with scarlet fever or who were actually suffering from the disease milked 
the cows, mixed, handled, or bottled the milk. Among others, Hemenway (1) 
records a large epidemic attributed to milk thus contaminated. Other outbreaks 
regarded as milk-bomc could be traced to actual cases who delivered the milk from 
door to door. Chalmers (2) reports such an outbreak. In addition the return of 
milk bottles from houses v.hcrc scarlet fever was present was held responsible for 
the di'ease along particular milk routes. 

The widespread and severe nature oS certain outbreaks in England during the 
period from 1850 to 1900 led to investigations that directed attention to the cow 
as a source of infection. The difficulty of tracing human contamination strength- 
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ened the suspicion. Power (3) and Klein (4) as early as 1882 attributed one 
outbreak to the contamination of milk from a case of puerperal fever in a cow. 
Klein showed that cows inoculated subcutaneously with material obtained from 
the throats of human patients developed abscesses at the injection sites. Purulent 
material from such abscesses when injected into healthy cows also produced 
abscesses. Later Power (5), Cameron (6), and Klein (7) reported their findings in 
the Hendon outbreak in which they failed to find a human source of infection. 
Suspicion was directed to certain newly purchased cows suffering with a malady 
of the skin of the udder and teats. This they regarded as a specific infection 
transmitted by the hands of the milker. The condition was characterized by 
general constitutional disturbance, sore throat, discharge from the eyes and nose, 
vesicular eruptions of the skin of the buttocks and udder. They regarded the 
rupture of the teat vesicles as the source of the milk inoculation. Russell (8) 
encountered a similar outbreak in which 101 persons contracted scarlet fever; a 
malady similar to the Hendon disease affecting two cows was noted in the herd. 
A calf fed the milk of one of these developed a severe febrile reaction. Hill (9) 
likewise reported milk-borne scarlet fever; certain cows in the dairy from which 
the supply was drawn were found affected with Hendon disease. Hamar and 
Jones (10) also cited an outbreak in which a disease of the skin of cows similar to 
that noted by Power, Klein, and Cameron was present in the herd. They were 
inclined to attribute the human infection to the cows since the milk was known to 
be infective before human cases occurred on the farm. M’Fadyean (11) dis- 
agreed with them on the grounds that Hendon disease as a scarlatinal infection 
of cows is unproved and that the milker in whose family scarlet fever occurred 
may have been responsible for the epidemic through contamination. As a further 
criticism that Hendon disease is not a specific scarlatinal infection of cows he 
points out that although the disease was first recognized in 1882 and seemed to 
prevail for a year or two it had not attracted further attention until 1909 when a 
similar disease was reported. 

It is apparent then that there are several views regarding the method 
by which milk may become infective: first, contamination of the milk 
during milking or handling; second, the return of contaminated bottles 
or utensils from the household in which the disease exists; and third, a 
scarlatinal disease of the skin and udder of cows from which discharges 
may enter the milk during milking. 

With the change in the status of the streptococcus as the etiological 
agent of scarlet fever during the past few years, a fourth means of 
contamination becomes apparent. The findings of Savage (12), 
T. Smith and J. H. Brown (13), Davis and Capps (14), Brown and 
Orcutt (15), and Benson and Sears (16) in milk-borne epidemics of 
septic sore throat are of considerable interest in this connection. It 
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has been shovm that Streptococcus epidemicus may be implanted in the 
udder and be shed in the milk in such numbers as to give rise to severe 
outbreaks of sore throat among those consuming the milk. That such 
is not unlikely in outbreaks of scarlet fever attributed to milk seems 
plausible. This is especially significant in many epidemics traced to 
dairies where no mention is made of clinical examination of the udder 
or bacteriological examination of the milk. The possibility of udder 
infection may have been overlooked. 

Our problem concerns itself with udder infections with streptococci 
similar to those found in scarlet fever. 

History of a Milk-Borne Epidemic of Scarlet Fczcr. 

Through the courtesy of the New Jersey State Department of Health 
we learned of a sharp outbreak of scarlet fever in a small town. 
About 200 cases occurred. Of these 159 developed from May 20 to 
25, 1927. The State authorities found that the bulk of the cases 
was confined to a certain milk route supplied by one distributor. 
Further information directed their attention to one of the farms 
supplying the dairy. On this farm a daughter had scarlet fever in 
March, 1927. In addition a young man employed as milker had 
visited his home shortly before the outbreak where there was a child 
sick of scarlet fever. Representatives of the State Department of 
Health made throat cultures from everyone suspected of contaminat- 
ing the milk and obtained hemolytic streptococci in two instances 
from throats of men handling the milk at the distributor's. For these 
cultures we arc indebted to Mr. J. V. Mulcahv, Chief of the Bureau of 
Bacteriology of the State Health Department. In addition he 
furnished us with a culture from the young man who milked the cows, 
but it was of the ziridans type. 

On May 25, Dr. I. H. Shaw, veterinarian for the State Department 
of Health, visited the farm and examined microscopically the milk 
sediment from cadi cow. He noted one chronic case of mastitis 
(Cow 11) and an acute injury of the teat of the left hind quarter 
(Cow o). The milk sediment of Cow 3 contained leucocvtcs and 
cocci. 

In the meantime the milk from this farm had been excluded from 
the supply and a pasteurizer installed in the distributor’s with the 
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result that the epidemic rapidly subsided. At our suggestion, and 
through the courtesy of the State Department of Health, the farm was 
visited on June 4, 1927. Samples were drawn directly from the 
udder of each cow into separate sterile bottles. 

Examination of Milk from Each Cow. 

The samples were obtained on the evening of June 4, refrigerated at once, and 
plated late the same night. The normal appearing milk was plated in two dilu- 
tions, 1 :20 and 1 : 100; that from abnormal quarters at 1 : 1,000 as well as the lower 
dilutions. All plates were prepared with 0.5 cc. of defibrinated horse blood and 

10 or 12 cc. of melted agar. Thirteen cows comprised the herd. The udders of 
eleven were normal. The plate cultures revealed nothing of significance. Cow 

11 had chronic mastitis of the left hind and right fore quarters. The plate cul- 
tures revealed non-hemolytic streptococci in enormous numbers both in the in- 
volved and apparently normal quarters. Cow 3 had a severe involvement of the 
left hind quarter. The teat had been injured, the quarter was swollen and could 
be milked with difficulty. The milk was yellow and of the consistency of heavy 
cream. All the blood in the plate containing as little as 1 : 1,000 cc. of milk was 
hemolyzed within 12 hours. The centrifuged sample revealed a large quantity of 
sediment consisting of packed masses of leucocytes and enormous numbers of 
short chained streptococci. After refrigeration for 12 hours the milk was further 
diluted and plated so that finally it was possible to estimate that it contained 
345,000,000 streptococci per cc. Colonies sufficiently isolated were chosen for 
subculture. It may be said that the initial tests, such as those for the presence 
of capsules, the laking of blood in the test-tube, pathogenicity for rabbits, and a 
final pH of 5.0 in dextrose broth, indicated that this culture was of human origin. 
In addition to the human type a small proportion of the non-hemolytic bovine 
streptococci was found in the original sample. 

The Spontaneous and Experimental Infection in the Cow. 

Cow 3 was purchased by this Department and is hereafter referred 
to as No. 1452. 4 days after the first observation the quarter was 
swollen, firm, and the teat showed a healing scar. Yellow, purulent 
milk could be expressed only -with difficulty. Bacteriological ex- 
amination revealed relatively few hemolytic streptococci and enor- 
mous numbers of the non-hemolytic mastitis type. Evidently the 
bovine type noted June 4 had nearly replaced the hemolytic strepto- 
coccus. The inflammation continued in the quarter until the cow 
was slaughtered on June 23. During this time hemolytic streptococci 
were always present in small numbers and the mastitis type in enor- 
mous numbers. 
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On one occasion a single colony of the hemolytic type was obtained 
from the milk of the right hind quarter. This strain was identical in 
all respects with that obtained from the left hind quarter. Although 
the milk from the other quarters was plated frequently streptococci 
were not found. 

On June 9, the right hind quarter was inoculated by means of a teat tube with 
1/1,000,000 cc. of a 24 hour broth culture of the hemolytic streptococcus from the 
left hind quarter. No reaction occurred and examination of the milk during the 
next 3 days failed to show the organism. 

On June 14, the right fore quarter was inoculated by means of a teat tube with 
1/500,000 cc. of the hemolytic culture and the right hind quarter with 1/100,000 
cc. of the same culture. 7 hours later the streptococcus could not be cultivated 
from the milk from either quarter. After 24 hours there was little to be detected 
clinically. The appearance of the milk was not greatly altered, and the quantity 
of sediment was not excessive but it contained leucocytes and a few diplococri. 
Plate cultures, however, revealed 25,600 hemolytic streptococci per cc. in the milk 
from the right hind quarter and over 1,000,000 per cc. in that from the right fore 
quarter. After 48 hours the right hind quarter was hot, the milk was yellow and 
contained large, irregular fiocculcs. The right fore quarter revealed nothing 
abnormal except that the milk was yellow and flocculent. Samples from both 
quarters revealed an excessive amount of sediment composed of leucocytes and 
streptococci. The bacterial counts of the milk were: right fore quarter = 
45,000,000 hemolytic streptococci per cc., and right hind quarter = 1,240,000 
per cc. The next day 38,000,000 hemolytic streptococci per cc. were found in the 
milk from the right fore quarter and 1,240,000 per cc. in that from the right hind 
quarter. From this time onward the number began to decline until on the 14th 
day the milk from the right fore quarter failed to show streptococci while that 
from the right hind quarter revealed 26,000 per cc. 

During the period of observation it can be said that the inoculation 
failed to produce well defined clinical disturbances in the inoculated 
quarters, although the milk was purulent. 

The udder obtained from the abattoir at the time of slaughter re- 
vealed a pronounced atrophy of the left hind quarter characterized by 
severe degeneration of the secreting structures and hyperplasia of the 
interstitial tissue. The two inoculated quarters showed lesions of the 
mucosa of the lower portion of the udder involving the mucosa of the 
large milk ducts accompanied by a purulent exudate. 

Since the spontaneous case of infection was complicated by injury 
and secondary infection with the usual type of mastitis streptococcus, 
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the question might be raised as to whether the factor of injury is a 
necessary precursor of infection. Further the experimental disease 
incited by inoculation failed to resemble the spontaneous disease. 
In order to throw more light on these questions a second series of 
inoculations was made. 

Cow 1462 . — A Holstein cow was injected by means of a teat tube inserted into 
the left hind quarter with 1/1,000,000 cc. of an 18 hour serum broth culture of the 
6th transfer of the streptococcus obtained from the left hind quarter of Cow 1452. 
Plate cultures prepared from similar dilutions indicated that between 15 and 20 
streptococci were injected. Plate cultures of the milk 7 hours after injection 
failed to show streptococci. 24 hours after injection the quarter still appeared 
normal. The milk contained only a little sediment composed of a few leucocytes 
and round cells and a few diplococci. The plate culture revealed 115,000 hemo- 
lytic streptococci per cc. After 31 hours the quarter was swollen, tense, hot, and 



Chart 1. Temperature reaction, Cow 1462, following injection of left hind 
quarter. 


painful. The milk contained an excess of fat but the amount of sediment was not 
excessive. There were 2,000,000 streptococci per cc. At 36 hours the quarter 
was greatly swollen. The milk was yellow and serous and contained large floc- 
cules. It coagulated on boiling. Plates revealed 8,320,000 streptococci per cc. 
4S hours after injection there was a severe systemic reaction characterized by 
chills, fever (Chart 1), and depression. Swelling of the quarter was pronounced. 
The milk was seropurulent. It was estimated that 1,200,000,000 streptococci 
per cc. were being eliminated. On the 3rd day the quarter was distinctly red- 
dened, the milk purulent, and 510,000 streptococci per cc. were recorded. A blood 
culture was negative. The cow had a fever. The reddening of the skin spread 
to the other quarters on the 4th day, persisted throughout the 5th day, and began 
to subside on the 6th day. It had disappeared by the 7th day. During this 
period the number of streptococci decreased until a minimum of 20,000 per cc. 
was reached. However the}* increased during the 7th, 8th, and 9th days, reaching 
the high point of 69,000,000 on the Sth day. There was a corresponding rise of 
temperature on the 7th and 8th days (Chart 1). By the 13th day their number 
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had declined to 2,000,000. From this time the acute inf animation gradually sub- 
sided with gradual atrophy and with a further decline in the secretion until on the 
47th day only 25 or 30 cc. of purulent milk was obtained. Hemolytic streptococci 
were still present on this day. Chart 2 illustrates the number of streptococci 
per cc. of milk from the left hind quarter of Cow 1462 for 9 days following the 
inoculation. 

It is to be noted that during the height of the attack the general 
reaction was severe, milk secretion was almost entirely suppressed, a 
fall from 8 pounds per milking to less than 1 pound being recorded. 



Chart 2. Chart 3. 

Chart 2. Streptococci per cc. of milk during the first 9 days subsequent to 
injection of left hind quarter of Cow 1462. 

Chart 3. Streptococci per cc. of milk during the first 9 days after injection of 
right hind quarter of Cow 1462. 


27 days after the left hind quarter had been artificially infected onc-roilliontb 
cc. of broth culture was instilled into the lower cistern of the right hind quarter. 
It "as estimated that approximately 70 streptococci were injected. 7 hours later 
there "as nothing in the appearance of the milk to arouse suspicion and 1 cc. 
failed to rc\ cal the streptococcus. After 24 hours the milk appeared normal. 
The sediment contained a icw leucocytes and plate cultures revealed 1 ,S00 strepto- 
cocci per cc. 2 days following the inoculation the quarter failed to show ab- 
normalities. The mitt; was yellow and thickened; "hen centrifuged the sedi- 
ment comprised al out 1/20 of the total volume. It was composed of masses of 
leucocyte', dipiococci. and short chained streptococci. The maximum count 
of 550,000 streptococci per cc. was reached on this dav. During the next 9 days 
the ud Yr and milk v ere examined daily. Lesions of the udder "ere not detected 
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the question might be raised as to whether the factor of injury is a 
necessary precursor of infection. Further the experimental disease 
incited by inoculation failed to resemble the spontaneous disease. 
In order to throw more light on these questions a second series of 
inoculations was made. 

Cow 1462 . — A Holstein cow was injected by means of a teat tube inserted into 
the left hind quarter with 1/1,000,000 cc. of an 18 hour scrum broth culture of the 
6th transfer of the streptococcus obtained from the left hind quarter of Cow 1452. 
Plate cultures prepared from similar dilutions indicated that between 15 and 20 
streptococci were injected. Plate cultures of the milk 7 hours after injection 
failed to show streptococci. 24 hours after injection the quarter still appeared 
normal. The milk contained only a little sediment composed of a few leucocytes 
and round cells and a few diplococci. The plate culture revealed 115,000 hemo- 
lytic streptococci per cc. After 31 hours the quarter was swollen, tense, hot, and 
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Chart 1. Temperature reaction, Cow 1462, following injection of left hind 
quarter. 

painful. The milk contained an excess of fat but the amount of sediment was not 
excessive. There were 2,000,000 streptococci per cc. At 36 hours the quarter 
was greatly swollen. The milk was yellow and serous and contained large fioc- 
cules. It coagulated on boiling. Plates revealed 8,320,000 streptococci per cc. 
48 hours after injection there was a severe systemic reaction characterized by 
chills, fever (Chart 1), and depression. Swelling of the quarter was pronounced. 
The milk was seropurulent. It was estimated that 1,200,000,000 streptococci 
per cc. were being eliminated. On the 3rd day the quarter was distinctly red- 
dened, the milk purulent, and 510,000 streptococci per cc. were recorded. A blood 
culture was negative. The cow had a fever. The reddening of the skin spread 
to the other quarters on the 4th day, persisted throughout the 5th day, and began 
to subside on the 6th day. It had disappeared by the 7th day. During this 
period the number of streptococci decreased until a minimum of 20,000 per cc. 
was reached. However they increased during the 7th, 8th, and 9th days, reaching 
the high point of 69,000,000 on the Sth day. There was a corresponding rise of 
temperature on the 7th and Sth days (Chart 1). By the 13th day their number 
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had declined to 2,000,000. From this time the acute inflammation gradually sub- 
sided with gradual atrophy and with a further decline in the secretion until on the 
47th day only 25 or 30 cc. of purulent m i lk was obtained. Hemolytic streptococci 
were still present on this day. Chart 2 illustrates the number of streptococci 
per cc. of milk from the left hind quarter of Cow 1462 for 9 days following the 
inoculation. 

It is to be noted tbat during the height of the attack the general 
reaction was severe, milk secretion was almost entirely suppressed, a 
fall from 8 pounds per milking to less than 1 pound being recorded. 



Chart 2. Chart 3. 

Chart 2. Streptococci per cc. of milk during the first 9 days subsequent to 
injection of left hind quarter of Cow 1462. 

Chart 3. Streptococci per cc. of milk during the first 9 days after injection of 
right hind quarter of Cow 1462. 


27 days after the left hind quarter had been artificially infected one-millionth 
cc. of broth culture was instilled into the lower cistern of the right hind quarter. 
It was estimated that approximately 70 streptococci were injected. 7 hours later 
there was nothing in the appearance of the milk to arouse suspicion and 1 cc. 
failed to reveal the streptococcus. After 24 hours the milk appeared normal. 
The sediment contained a few leucocytes and plate cultures revealed 1,800 strepto- 
cocci per cc. 2 days following the inoculation the quarter failed to show ab- 
normalities. The milk was yellow and thickened; when centrifuged the sedi- 
ment comprised about 1/20 of the total volume. It was composed of masses of 
leucocytes, dipiococci, and short chained streptococci. The maximum count 
of 556,000 streptococci per cc. was reached on this day. During the next 9 days 
the udder and milk v ere examined daily. Lesions of the udder were not detected 
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clinically. The milk was always purulent and the sediment at times made up 1/10 
of the volume. The number of streptococci varied from day to day, the minimum 
count recorded during this period being 18,000 and the maximum 136,000 per cc. 
On the 21st day the milk was still purulent and flocculent and contained 20,000 
streptococci per cc. Chart 3 is included for comparison with Chart 2. It indi- 
cates the number of hemolytic streptococci eliminated per cc. during the first 9 
days following inoculation of the right hind quarter. The two charts afford a 
sharp numerical contrast. In the primary inoculation the maximum of over 1 
billion was readied on the 3rd day following injection, with a rapid fall until the 
6th day and a subsequent sharp rise on the 7th, 8th, and 9th days. Chart. 3 
illustrates the elimination of streptococci subsequent to injection of the right hind 
quarter. Here the peak of 550,000 was readied on the 2nd day with a sharp 
dedine on the 3rd day and irregularity thereafter. 

It is true then that the streptococcus isolated from the spontaneous 
infection was of sufficient virulence in spite of cultivation for 6 months 
on artificial media to incite a severe mastitis. During the acute 
inflammation there were marked systemic disturbances characterized 
by fever, increased pulse and respiratory rates, congestion of the 
conjunctiva, inappetence, suppression of milk, and stiffness of the 
joints. We regarded the animal as critically ill during this period. 

In data from both the spontaneously infected and the experimental 
cow evidence exists that the primary attack so increased the general 
resistance that the secondary injection resulted in entirely different 
manifestations. Here only mild local disease resulted; although the 
streptococcus established itself, its multiplication never reached the 
maximum recorded in the primary attack. 

It may be argued that the spontaneous case (No. 1452) referred to is 
an isolated example of such infection.* While this is true to a certain 

* While these data were being assembled, Mr. Friend Lee Mickle, Director of 
the Bureau of Laboratories, Connecticut State Department of Health, sent three 
cultures of streptococci for examination. The interest of the Health Department 
had been aroused because of an outbreak of mild scarlet fever which appeared 
among the customers along a certain milk route. One of the cultures was isolated 
from the udder of a cow in the herd supplying the milk, another from the throat 
of the owner of the herd, and a third from a case of scarlet fever on the milk route. 
These proved similar in cultural characters, pathogenic properties, and antigenic 
affinities to those obtained by us from the udders of two cows. In all probability 
the particulars of this outbreak will be published by the Connecticut State Depart- 
ment of Health. 
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extent, nevertheless material obtained from another case of mastitis 
associated with a similar organism suggests that such infections may 
occur at any time. Although at the time of isolation the significance 
of the bacteriological findings in this spontaneous case was not realized, 
nevertheless the organism was regarded as a human type other 
than S. epidemicus. A brief statement concerning this case follows. 

Cow 4262 .— Milk drawn from all four quarters into a sterile bottle May 11, 
1925. When plated it was found to contain 720 colonies per cc.; 25 per cent were 
large zoned, hemolytic colonies. May 19, 1925, mastitis of the right fore quarter 
was noted. The mill- was purulent and flocculent. 77,000 hemolytic colonies 
per cc. were recorded. On May 22 and 23, the milk from all quarters was ex- 
amined with negative results. The hemolytic streptococcus had been replaced 
by the bovine non-hemolytic type. The milk was again examined on May 27 
and 28, and the later findings confirmed. Little of significance could be obtained 
from the history of this cow except that it had been in the herd for 3 years. During 
the preceding lactation periods many attacks of mastitis had been noted. During 
the 2 months prior to our examination four attacks of mastitis of the right fore 
quarter had been reported. The hemolytic streptococcus was definitely of the 
human type as proved by the usual tests and, as it will be shown later, closely 
resembled those isolated from Cows 1452 and 1462. No record is available which 
indicates that this animal was responsible for an outbreak of scarlet fever. 

DISCUSSION. 

Heretofore contamination has been regarded as the usual means of 
spread of scarlet fever by milk. The findings in regard to septic 
sore throat, however, indicate that udder infection with the human 
streptococcus is far more likely. The same may be said of milk-borne 
epidemics of scarlet fever. 

Unfortunately our examination was conducted after the epidemic 
had subsided. It is true though that when the milk from this farm was 
withheld from the general supply and the general supply pasteurized 
the outbreak subsided. When we made our examination the owner 
maintained that the milk from the left hind quarter of the infected 
cow was “all right” although he had withheld it from the general 
supply. It can be argued, however, that such milk was fully capable 
of causing severe illness among the consumers provided it entered the 
general supply. If 1 quart of milk drawn at the time when the strepto- 
cocci were most numerous was mixed with the herd supply, the actual 
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dilution in this instance would amount to l.'lOO since there were 12 
cows contributing about 100 quarts. Our maximum count indicated 
well over 300 million per cc. in the spontaneous case and over 1 billion 
in the experimental inoculation. Assuming that the infective product 
was again diluted at least a hundred times at the distributor’s the 
number of streptococci in even a small quantity of milk would be 
relatively high. 

Spontaneous Case 1452 and experimental Case 1462 are examples 
of extremely severe infections and they indicate that the organism 
was highly virulent for the cow. The infection obliterated for prac- 
tical purposes the primarily involved quarter. However the result- 
ing general resistance in both instances was insufficient to protect other 
portions of the udder from infection. This argues for a prompt 
exclusion from the milking shed of cows with involved quarters since 
the organism may gain entrance to normal quadrants without exciting 
severe reactions. 

In sharp contrast to these cases is that of Cow 4262 in which the 
organism was known to be present in the milk on two occasions S days 
apart. It probably inhabited the udder during this period. However 
it disappeared and was replaced by a bovine type and was not found 
subsequently. That this cow failed to cause trouble to consumers 
can be explained on several grounds, (1) that the milk contained 
relatively few organisms, (2) that the milk was mixed with that of a 
large number of cows (50 or 100) and sold in a large city where a few 
cases of scarlet fever would attract little attention, and (3) that 
when the milk became abnormal it was eliminated from the supply. 
This case argues for a prompt investigation of the milk of all cows 
when milk-borne infection is suspected, since a few days delay in 
instances of this kind may be sufficient for the disappearance of the 
streptococcus from the udder. 

The period of incubation is of considerable practical importance. 
In regard to this period little is known in spontaneous infection. In 
all the experimental inoculations there was little to arouse suspicion 
during the first 24 hours although streptococci could be readily 
detected in the milk. After this time abnormalities in the appearance 
of the milk were apparent. It must be borne in mind that in these 
experiments the organisms were introduced into the milk cistern, and 
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although the number of streptococci administered -was small, in all 
probability in the spontaneous disease the infective dose would be 
even smaller; and unless contaminated material was introduced by 
teat tubes or other means the organisms would probably be deposited 
at the meatus or about the ends of the teats. This indicates a some- 
what longer incubation period than that observed in the experiments. 


SUMMARY. 

The clinical and bacteriological findings in two cows the udders of 
which became infected under natural conditions with hemolytic 
streptococci of the scarlet fever type are discussed. One of the cows 
was found in a herd supplying raw milk to a small town where a milk- 
borne outbreak of scarlet fever had occurred a short time before. 
When small numbers of the streptococcus obtained from this case 
were injected into the udder of a normal cow severe mastitis accom- 
panied by a well marked general reaction resulted. Evidence leads 
to the conclusion that a severe attack of mastitis due to this organism 
in one quarter does not sufficiently immunize the other quarters to 
protect them completely since the streptococcus can be readily im- 
planted in them. The secondary infections were much milder than the 
original process. 


We wish to acknolwedge our indebtedness to Mr. W. T. Eakins, 
Assistant Epidemiologist of the New Jersey State Department of 
Health, who furnished us with the history of the outbreak; also to 
Mr. J. V. Mulcahy who supplied us with cultures F. C. and M. B. 
obtained from the throats of milk handlers, and to Dr. I. H. Shaw 
for accompanying us to the farm and for other courtesies. 
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UDDER INFECTION WITH STREPTOCOCCI OF THE 
SCARLET FEVER TYPE. 

H. A Study of the Sc arle t Fever Type of Streptococci Isolated 
from, the Udder of the Cow. 

By F. S. JONES, V.M.D., jysd RALPH B. LITTLE, V.MJD. 

( From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J .) 

(Received for publication, March 9, 1928.) 

Our first paper (1) dealt with, the clinical manifestations resulting 
from invasion of the udder with a hemolytic streptococcus of probable 
human origin. It was shown that the culture isolated from the udder 
was capable on inoculation into the udder of a second cow of producing 
severe mastitis. 

It was also stated that the ability of the streptococcus to lake blood 
in the test-tube, its pathogenicity for rabbits, and a limiting hydrogen 
ion concentration of pH 5.0 in dextrose broth differentiated it from 
the bovine streptococcus and indicated its human origin. The present 
paper deals with this phase of the question and a further correlation 
of these streptococci with those of the scarlet fever group. 

Source of Cultures. 

The cultures were drawn from several sources. Our own isolations from the 
udder of the spontaneous and experimental cases were regarded as the primary 
type. Those strains kindly furnished us by Mr. J. V. Mulcahy, Chief of the 
Bureau of Bacteriology of the New Jersey State Department of Health, who 
isolated them from the throats of milk handlers at the dairy, have been indicated 
as F.C. and M.B. Two cultures of scarlet fever streptococci of known origin 
were used, one (N.Y.V) furnished hv Dr. A. R. Dochez, of the College of Physi- 
cians and Surgeons, Columbia University, and the other (Sc. 55) supplied by Dr. 
Anna F. Williams of the Department of Health of the City of New York. In 
addition three cultures ol Streptococcus epidcmicus are included in some of the 
comparisons. Of this type, C. 54 is the second bovine passage strain of the 
streptococcus isolated by Brown and Orcutt (2) during a milk-borne epidemic of 
septic sore throat. The others (744 and 4560) were obtained at various times 
by one of us (F.S.J.) from the udder of cows. 
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Morphological and Cultural- Findings. 

It can be said that little difference exists between the organisms 
isolated from Cows 1452, 1462, 4262, and the throats of F. C. and 
M. B. and the known scarlet fever strains. In all, chains of cocci 
up to 30 in number are not unusual. All are Gram-positive and all 
encapsulated. On the whole the capsules arc considerably smaller 
than those of S. cpidcmicus. After 24 hours incubation in plate 
cultures containing 0.5 cc. of defibrinated horse blood and 10 cc. of 
agar prepared from veal infusion the surface colonies are round, 


TABLE i. 

The Fermentation Characters oj the Streptococci Isolated from the Udder and from the 

Throats of the Milk Handlers. 



Final hydrogen ion concentration in 



Culture 

w 

o 

u. 

«l 

a 

Lactose 

Saccharose 

"o 

*5 

c. 

rf 

rZ 

Rnffincsc 

.5 

a 

Salicin 

Action on milk 

Cow 1452, L.H.Q 


hi 


7.2 

7.6 

7.6 

5.3 

Firm coagulation. 

“ 1452, R.H.Q. (before 


Hi 








inoculation) 




7.2 

7.6 

7.6 


tt 

tt 

Cow 4262, R.F.Q 

5.0 

Kjf! 

5.0 

7.4 

7.4 

7.6 

5.3 

tt 

tt 

“ 1462, L.H.Q 

5.2 

5.4 

5.3 

7.6 

7.4 

7.4 

5.6 

tt 

tt 

Throat F.C 

5.2 

5.2 

5.0 

7.2 

7.6 

7.6 

5.3 

1 t 

tt 

“ M.B 

5.2 

5.3 

5.3 

7.4 

7.4 

7.6 

5.4 

« 

tt 

Non-hemolytic mastitis 

streptococcus from Cow 










1452, L.H.Q 

4.5 

4.6 

4.6 

7.0 

7.6 

7.6 

4.7 

tt 

tc 


flattened, translucent, and rarely exceed 1 or 1.5 mm. in diameter. 
They are surrounded by a sharp clear zone. The deep colonies vary 
in shape from round to biconvex and form the nucleus of beta hemo- 
lytic zones averaging 2.5 mm. in diameter. A further 24 hours incu- 
bation fails to increase the size of the colonies to any great extent 
although the hemolytic areas are increased to 3.0-3.5 mm. The 
colonies of A. cpidcmicus employed in the comparisons were larger, 
more sharply raised, and distinctly mucoid. The hemolytic areas 
were larger. The non-hemolytic streptococcus isolated from the 
udder of Cow 1452 is included in Table I for purposes of comparison. 
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To test the biochemic activities, all cultures were grown in fer- 
mented broth (pH 7.4), to which sufficient of the test substance had 
been added to make a 1 per cent solution, for 7 days. The results 
are recorded in Table I. 

Table I indicates a close resemblance in the fermentation char- 
acters of the streptococci isolated from the spontaneous udder in- 


table n. 

The Effect of the Cultures on Rabbits. 


Rabbit No. 

■a 

^3 

Intravenous injection — 24 hr. broth culture 

Result 





i 

1,010 

1 cc. Cow 1452, L.H.Q., Culture A 

Died. 28 hrs. Septicemia 

2 : 

2,030 

1 “ “ 1452, “ “ B 

“ during night of 2nd day. 
Septicemia 

3 

1,105 

1 “ “ 1452, R.H.Q., before inocu- 

lation 

Died. 36 hrs. Septicemia 

4 

1,425 

1 cc. Cow 1452, L.H.Q. 

“ on 4th day. “ 

5 

1,575 

1 « " 4262, R.F.Q. 

Febrile reaction during first 7 days. 
Abscess right hock. Chloro- 
formed on 10th day. Strep- 
tococci recovered from abscess 

6 

1,040 

I 1 “ culture from throat of F.C. 

Febrile reaction during first 2 days. 
Bacteriemia during first 24 hrs. 
Chloroformed on 11th day. Ab- 
scess right hock. Vegetation on 
right auriculo ventricular valve 

7 

1,130 

1 “ “ “ “ “ M.B. 

Febrile reaction throughout period 
Bacteriemia during first 3 days. 
Chloroformed on 11th day. Ab- 
scesses both elbows. 4 vegeta- 
tions on right auriculoventricular 
valve 


fcctions and those obtained from the throats of the handlers at the 
distributor’s. All attacked dextrose, lactose, saccharose, salicin, 
and coagulated milk whereas the other substances were not fermented. 
It is of interest to note that the passage of strain Cow 1452 through 
the udder of Cow 1462 failed to change its fermentation characters. 
The acid production of the non-hemolytic bovine streptococcus offers 
a sharp quantitative comparison. 






960 


UDDER INFECTION WITH STREPTOCOCCI. II 


Mention lias been made of the pathogenicity of our strains for 
rabbits. As soon as feasible after the isolations rabbits were injected 
intravenously with 1 cc. of a 24 hour broth culture. The results are 
recorded in Table II. 

The cultures from Cows 1452 and 1462 were more virulent for 
rabbits than the others. That from Cow 4262 behaved about the 
same as did those isolated from the milk handlers. These streptococci 
tended to localize in the joints and heart valves. 

It will be noted that the preceding characters indicate human origin, 
since the bovine streptococcus produces more acid and is not patho- 
genic for rabbits in similar doses. They afford no specific differentia- 
tion between S. scarlaiinx and S. cpidcmicus , although by inference 
it might be said that, since Culture 1452 was identical with those 
obtained from the throats of the milk handlers during an epidemic of 
scarlet fever, all three were of the scarlet fever type. 

Further comparisons were regarded as essential. Attempts were 
made to group the strains by their agglutination affinities. Even 
though the cultures were grown for long periods at room temperature, 
as suggested by Shibley (3), and suspended in 0.2 per cent NaCl 
solution made alkaline with NaOH, the results were inconclusive. 

The recent contribution of Lancefield (4) for the differentiation of streptococci 
by means of precipitin offered a means of separation. Lancefield has shown that 
immunization for long periods with broth cultures of streptococci results in the 
production of precipitin. For antigenic purposes in conducting the tests the 
growth from a liter of broth culture is suspended in salt solution to which sufficient 
N HCl is added to make a concentration of n/20. The suspensions are then 
extracted in a water bath at 100°C. for i hour and neutralized with n NaOH. 
They are then freed of bacteria by centrifugation. When suitable quantities of 
such antigen are brought in contact with potent antiserum, the usual precipitin 
phenomena develop. When the fluids are mixed considerable precipitate is 
formed. 

Rabbits were immunized by intraperitoneal injections of killed 
cultures followed by smaller doses of living organisms. For this pur- 
pose strains Cow 1452, F. C., Scarlet Fever N. Y. V, Scarlet Fever 
55, and S. epidcmicus Cow 4560 were used. Even after prolonged 
injection the sera of rabbits treated with strain Cow 1452 revealed 
only a weak precipitin. Scarlet Fever 55 failed to give rise to any 
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precipitin. A fair serum was obtained with N. Y. V and strong 
sera with F. C. and S. epidemicus 4560. In Table HI we have re- 
corded the reactions resulting from the addition of 0.15 cc. serum 
to 0.4 cc. antigen. 

By means of Lancefield’s procedure it was possible to divide the 
streptococci into two groups. Those associated with the milk-borne 
epidemic of scarlet fever — Cow 1452, Cow 1462, and F. C. and M. B. — 

TABLE m. 


Precipitation of Extracts of Streptococci with Various Antisera. 




Antisera 


Streptococcic extract 


Rabbit Immunized with 


Culture Covr 
2452 

BH 

Scarlet fever 
streptococcus 
N.Y.V 

j S. epidemicus 
4560 

Cow 1452 L.H.Q 


++4" 

4 - 4 - 4 - 

4 — 

“ 1452 R.H.Q, 

4- 

4-4-4- 

4 - 4 * 4 * 

4 - 4 - 

4 — 

after injection 

4* 

4-4-4- 

4 — 

Cow 1462 L.H.Q 

4- 

4-4-4- 

4 - 4 - 

_l 

1 

Throat F.C 

4- j 

4- 4--r 

4-4- 

-I 

1 

" M.B 

+ 

4-4-4- 

4-4- 

> 

• ' 

Cow 4262 


4-4- 

4-4- , 

4 — 


+ 

4-4-4- 

4-4-4- 

4-4- ! 

J 

“ “ N.Y.V 

4- 

-! — U 
* 1 

-J 

S. epidemicus Cow 54 

— 

— 

4— 

4-4-4- 

i* it a 744 

— 

— 

4— 

4-4-4- 

“ “ " 4560 

— 

— 

4— 

+4*+ 


* + indicates moderate contact reaction with definite flocculation after mixing; 
+ + , a well defined contact with considerable fiocculent precipitation after mix- 
ing; + the maximum reaction. 


behaved like the scarlet fever streptococci N. Y. V and 55. The 
culture isolated from Cow 4262 had a similar antigenic affinity. The 
three strains of S. cpidtmicus comprised a separate group. There 
was a slight tendency to precipitation, as indicated by the -f — reac- 
tions, when the extracts from the scarlet fever group were treated 
with 5. epidemicus serum, but for purposes of classification these can 
be ignored since the reactions indicated by -f+ and -r + -f were so 
marked as to be unmistakable. 
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In the course of the further correlation it proved possible in two 
instances by means of intracutancous tests on persons susceptible to 
scarlet fever toxin to show that culture Cow 1452 produced a toxin 
similar to that of scarlet fever streptococcus N. Y. V and that this 
toxin was neutralized by scarlet fever antitoxin. 

The following protocols are submitted. 

Cultures 1452 and N.Y.V were grown for 5 days in flasks containing a shallow 
layer of broth. The cultures were centrifuged and the supernatant fluid passed 
through Bcrkcfcld candles of V porosity. Dr. Richard E. Shope of this Depart- 
ment, who had never had scarlet fever, volunteered as a subject. One of the 
writers (F.S J.) also proved susceptible to the scarlet fever toxin. The filtrates 
were diluted in salt solution and the equivalent of 1/100 cc. of filtrate injected 
intradcrmally. The same amount of each filtrate was mixed with 0.05 cc. of 
scarlet fever antitoxin and injected. In all there were four injections, (1) scarlet 
fever filtrate, (2) scarlet fever filtrate + scarlet fever antitoxin, (3) culture Cow 
1452 filtrate, and (4) culture Cow 1452 filtrate + scarlet fever antitoxin. 

Subject R..E.S. responded severely at Sites 1 and 3. Site 2 was negative and 
Site 4 revealed only a slight reddening without swelling, the redness subsiding 
rapidly. 

Subject F.S .J. responded most severely at Site 3, and had a definite reaction a 
Site 1. Sites 2 and 4 revealed some reddening which rapidly faded. 

DISCUSSION. 

The evidence seems clear that a streptococcus indistinguishable 
from the scarlet fever type may, under certain conditions, gain access 
to the cow’s udder and there produce characteristic inflammatory 
changes. 

That the streptococci isolated from the cows under study fulfill the 
criteria outlined for human streptococci is shown by their ability 
to lake blood in the test-tube, their final hydrogen ion concentration 
(5.0) in dextrose broth, and their pathogenicity for rabbits. Further- 
more they may be differentiated from 5. cpidcmicus by their antigenic 
complex when tested with specific precipitin. Extracts prepared in 
the manner described by Lancefield precipitated well with scarlet 
fever serum but failed to do so when mixed with S. cpidcmicus anti- 
serum. The neutralization of the toxin of culture Cow r 1452 by 
scarlet fever antitoxin is further evidence of similarity. As far as we 
could determine the passage through a second cow r failed to markedly 
change the S. scarlatinas-like character of the strains. 
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SUMHARY. 

The streptococcus isolated from the udder of a cow on a farm where 
an outbreak of scarlet fever originated has been correlated with known 
scarlet fever strains. This streptococcus and another also isolated 
from the udder of a cow are indistinguishable in cultural characters 
and certain antigen affinities from S. scarlatinx. Skin tests indicate 
that the strain isolated from the milk of the cow in a herd to which 
the scarlet fever epidemic was attributed produced a toxin which was 
neutralized with scarlet fever antitoxin. 

We are indebted to Dr. Richard E. Shope of this Department for 
cooperation in making the skin tests. 
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TTT The Influence of Mile ok the Growth of Scarlet 
Fever Streptococci. 

By F. S. JOKES, V.M.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N. /.) 

Plate 38, 

(Received for publication, March 9, 1928.) 

The view usually held covering milk-home epidemics of scarlet 
fever is that the streptococci originate in the throats of the milk 
handlers and through contamination gain access to the supply. It 
is difficult to explain on such grounds the heavy incidence of infection 
among the consumers of pooled supplies since relatively few organisms 
would gain access to limited amounts of milk, and when this was 
mixed with other milk the dilution would be so great that the prob- 
able incidence of human infection would be relatively small. It might 
be argued that the contaminating streptococcus would multiply 
rapidly in the milk provided the temperature was favorable and that 
the product reaching the consumer would thus contain large numbers 
of the streptococci. But to explain severe outbreaks of scarlet fever 
through milk contamination one would have to assume that the 
organism gained access in goodly numbers and multiplied rapidly. 
However certain experiments here to be reported indicate that 
streptococci of the scarlet fever type are acted upon adversely by 
milk. 

During the observations in connection with the artificial inoculation 
of Cow 1462 with a streptococcus of the human scarlet fever type a 
peculiar phenomenon was observed. It was customary' to plate 
the milk from the involved quarters alter logarithmic dilutions in 
salt solution, the first plate of a series containing a 10~ l dilution, the 
second a 10~ : , until to the final plate milk diluted 10- 5 was added. 

965 



966 


UDDER INFECTION WITH STREPTOCOCCI. Ill 


Toward the end of the observation, when the numbers of strepto- 
cocci per cc. were not excessive, it was noted that the first plate 
culture contained streptococci in smaller numbers than one would 
expect from the number found in the higher dilutions. Further- 
more the colonics were very small with correspondingly small hemo- 
lytic zones; yet when such colonics were subcultured and replated 
colonies of the usual size with well defined hemolytic zones developed. 
Two explanations suggested themselves, first, that the colonies were 
too numerous in the plate, and second, that an inhibitory substance 
had developed in the quarter which was active in the 10 _1 dilution but 
not in the 10~ 2 dilution. Further observations indicated that over- 
crowding was not responsible for the change in the character of the 
colonics. The inhibition appeared to be a property of the milk and 
as such worthy of more careful study. 


EXPERIMENTAL. 

The cultures employed have been described in the preceding papers. 
They were carried for stock purposes on agar slants to which a few 
drops of defibrinated horse blood had been added. For the experi- 
ments transfers were made into veal infusion broth and incubated 
16 hours. Inasmuch as the rest of the procedure varied, some details 
of the individual experiments are given separately. 

Experiment 1 . — Milk from individual quarters of Cow 1462 was drawn directly 
into sterile bottles and after chilling freed of fat by centrifuging. That from the 
quarters artificially infected with the hemolytic streptococcus was combined and 
portions of this milk and of that from an uninfected quarter were heated at 60°C. 
for 20 minutes, while other portions were not heated. In addition the cow was 
bled on the day before the experiment and the serum collected. 

The inhibitory activities of the milk and serum were then tested in the following 
manner. Serum or milk was added in amounts of 0.5, 0.25, and 0.1 cc. to Petri 
dishes containing 0.5 cc. of defibrinated horse blood. A loop of dilute broth cul- 
ture of the streptococcus obtained from Cow 1462 was added to 10 or 12 cc. of 
melted agar cooled to 48°C. and the whole plated. The plates were incubated 
for 48 hours at 38°C. 

Inasmuch as the unheated milk contained many native organisms giving rise 
to many colonies in the plates, the results were imperfect and for this reason 
they will not be considered in detail, although it was clear that even under 
such conditions the growth of the streptococcus was inhibited. 

The results of the first experiment are given in Table I. 
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The fact seems established by the experiment that when milk 
from either the infected or normal quarters was added to plate cultures 
containing small numbers of hemolytic streptococci a distinct in- 
hibition resulted. The colonies were smaller and their hemolytic 
activity greatly diminished or even entirely suppressed, as when 
0.5 cc. of milh from the two involved quarters was incorporated in the 
culture. In the series in which blood serum was mixed and incubated 


TABLE i. 

The Influence of Blood Serum and Milk on the Size of Colonies and Hemolytic 
Activities of the Streptococcus from Can; 1462. 



Plate 

containing 


Blood serum 

cc. 

0.5 

30 colonies varying from 1.5 to 1.8 mm. 



Hemolytic zones 4 mm. 


0.25 

20 colonies average 1.8 mm. Hemolytic 



zones 4 mm. 

Milk heated 60’C., from uniu- 

0.5 

No growth 

fected quarter (R. F.) 

0.25 

6 colonies averaging 0.4 mm. Indistinct 



hemolytic zones 0.S mm. 


0.1 

5 colonies 0.4 to 0.6 mm. Hemolvtic 



zones 1.25 to 1.75 mm. 

Milk heated 60’C., from involved 

0.5 

No growth in 24 hrs. 45 hrs., 5 tinv, 

quarters, R. H. and L. H. 


non-hemolytic colonies 


0.25 

30 colonies 0.25 mm. Hemolvtic zones 



0.6 mm. 


0.1 

6 colonies 0.025 mm. Hemolytic zones 



0.75 mm. 


with the culture material there was no inhibition. One may infer 
that the inhibiting property was not derived from the blood. 

It seemed possible that the organism employed might be unique 
in sensitiveness to the inhibitory action of milk. Furthermore the 
incorporation of as much as 0.5 cc. of milk to the blood agar plate 
might perhaps alter the nutritive character of the medium and thus 
prevent normal growth. The more elaborate procedure employed 
in Experiment 2 was devised to control these features. 




TABLE II. 


The Effect of Milk on the Character of the Growth of the Scarlet Fever Streptococcus . 



\ C. R. F., filtered 0.5 No growth 24 hrs. 4S hrs., 10 colonics, tiny, 

surrounded by faint hemolysis 
0.25 3S4 colonics, average 0.4 mm. Hemolytic 
rones 0.75 mm., indistinct 

0.1 345 colonics, average 0.6 mm. Hemolytic 

zones 1 to 1.25 mm., clear 


R. F., heated 5S n C. 0.5 320 colonies less than 0.25 mm. Hemolytic 

20 min, zones barely perceptible 

0.25 3S4 colonics average 0.25 mm. Hemolytic 
zones 0.5 mm. 

0.1 350 colonics, average 0.6 mm. Hemolytic 

zones 1 mm. 


R. H., filtered 0.5 325 colonics barely visible X 9. Non-hemolytic 

0.25 400 “ “ “ X 9. " 

0.1 384 colonics, average 0.9 mm. Hemolytic zone 

3 mm. 


R. H., boiled 5 0.5 42S colonics, average 0.9 mm. Hemolytic zone 

min. 3 mm. 


None 3S4 colonies, average 0.S mm. Hemolytic zone 

3 mm. 


Scarlet 
Fever 55 

R. F., filtered 0.5 

0.25 

0.1 

90 colonics visible X 9. Non-hemolytic 

576 colonics, less than 0.25 mm. Hemolytic 
zones 0.5 mm. 

5S0 colonies, average 0.5 mm. Hemolytic 
zones 2 mm. 


R.F., heated 58°C. 0.5 

20 min. 0.25 

0.1 

No growth 

640 colonies less than 0.25 mm. Hazy hemoly- 
tic zones 0.5 mm. 

576 colonies 0.25 mm. Clear hemolytic zones 
0.75 mm. 


R. H., filtered 0.5 

0.25 
0.1 

No grow tli 

30 colonies visible X 9. Non-hemolytic 

179 colonies 0.25 to 0.3 mm. Clear hemolytic 
zones 0.6 mm. 


Boiled 5 min. 0.5 

42 S colonies 0.S to 1 mm. Clear hemolytic 
zones 3 mm. 


None 

2S4 colonies 0.S mm. Clear hemolytic zones 
3 to 3.5 mm. 
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Experiment 2— Culture 7. C. from the throat of a milk handler and Scarlet 
Fever Streptococcus 55 were employed in this experiment. Milk in separate 
bottles was obtained directly from the right fore and right hind quarters of Cow- 
1462. It was chille d and freed of fat. One portion of each was filtered through 
Berkefeld candle V, another lot heated at 58°C. for 20 minutes, and the remainder 
boiled for 5 minutes. The various lots in amounts of 0.5, 0.25, and 0.1 cc. were 
incorporated in the plate cultures. The effect on the growth of both strams is 
recorded in Table II. 

The results of Experiment 2 resemble those of Experiment 1. 0.5 
cc. of milk, filtered or heated at 58°C. for 20 minutes to rid it of native 
bacteria, proved sufficient to inhibit or entirely suppress the growth 
of the scarlet fever streptococcus. In certain instances although 
colonies of the organism developed in the Petri dishes no hemolysis 
occurred; nevertheless when such colonies were subcultured and 
replated in the blood agar mixture characteristic hemolytic colonies 
developed. The control to which 0.5 cc. of boiled milk was added 
failed to show appreciable inhibition. 

Two series of the plate cultures were photographed. In order to 
afford a proper comparison they were magnified about 5 times. Figs. 
1 to 5 are the photographs of the plate cultures of Strain F. C. without 
milk (Fig. 1), with boiled milk (Fig. 2), and the series in which 0.5, 
0.25, and 0.1 cc. of filtered milk was added (Figs. 3, 4, 5). Figs. 6 to 
10 show the effect of mixing milk heated at 58°C. for 20 minutes 
with the cultures of Scarlet Fever 55. Photographs of the two con- 
trols, one without milk and the other with boiled milk, are included 
for comparison. 

It might be argued that the milk from Cow 1462 contained some 
immune property acquired as the result of partial recovery' from 
infection. To test this possibility Experiment 3 was devised. 

Experiment 3 . — Milk was obtained directly from the udder of five normal 
cows chosen at random from those of a large herd. It was muted and when freed 
of fat a portion was filtered, another heated at 5S°C. for 20 minutes, and a third 
lot boiled for 5 minutes. It was then added in the usual amounts to the Petri 
dishes and its effect on cultures of Strain F. C. and Scarlet Fever V noted. 

It was found after 48 hours incubation that the growth of Culture F. C. in the 
plates containing 0.5 cc. of cither filtered milk or milk heated at 5S°C. was com- 
pletely inhibited. In plates containing 0.25 cc. either nearly complete inhibition 
occurred, or the colonies were too small to be seen with the unaided eye. Even 
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as little as 0.1 cc. of milk greatly diminished the size of the colony and the zone 
of hemolysis. The same could be said of Scarlet Fever V. In both series the 
addition of 0.5 cc. of boiled milk failed to diminish the number or size of the colonies 
although the hemolytic zones were a little smaller than in the control cultures 
which were made without milk. 

It appears certain then that there is a natural inhibitory substance 
in milk which passes through a Bcrkefelcl filter V and is not greatly 
injured when milk is heated at 5S°C. for 20 minutes but inhibits the 
growth of streptococci of the scarlet fever type in plate cultures. 
The inhibition depends on the concentration of the milk but even 
when this is diluted as much as 1:100, as in the series in which 0.1 cc. 
of milk was mixed with 10 or 12 cc. of agar and 0.5 cc. of blood, its 
effect is readily visible. 

Since cow’s milk contains a principle which is inhibitory even when 
mixed with the culture medium, it seemed probable that exposure of 
the streptococci to the direct action of undiluted milk might result 
in definite destruction. To test this point milk was inoculated with 
the streptococcus and plated, in the manner outlined by Jones and 
Little (1), in the hope that the rate of growth or destruction could 
be measured. As might be expected from the preceding experiments, 
milk even when inoculated with 3,000 or 4,000 streptococci per cc., 
failed to show growth when plated in amounts of 1 cc. It was neces- 
sary to change the methods considerably before decisive experiments 
were obtained. 

Experiment 4 . — Milk from five cows chosen at random was mixed and freed of 
fat by centrifugation. A portion was heated at 5S°C. for 20 minutes and the 
remainder boiled for 5 minutes. Both lots were then distributed into sterile 
agglutination tubes in amounts of 1 cc. The tubes were then separated into 
two groups each containing an equal number of tubes of tire pasteurized and tire 
boiled milk. Each tube of one group was inoculated with 1 loop of Strain F. C. 
diluted 500 times in broth. Those of the other group received a similar inocula- 
tion with Scarlet Fever V. Plate cultures were made by adding 0.25 cc. of milk 
to uniform amounts of blood and agar. Initial plates were poured and others 
after various intervals of incubation. The results of this experiment are recorded 
in Table III. 

While there is some irregularity in the results recorded in Table 
III, the influence of the milk is evident. It is clear that fresh milk 
heated to 58°C. for 20 minutes actually prevents multiplication of 
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scarlet fever streptococci during incubation periods ranging from 
2 to 48 hours. From the protocol it appears that the milk probably 
destroyed both strains of streptococci after an interval of 4 or 6 hours. 
To determine whether this was actually the case required further 
experimentation. It seemed possible that the organism subjected 
to the unfavorable influence of the milk heated at 58°C. was incap- 
able of growth when plated because of the fact that the culture medium 


TABLE HI. 

The Effect of Undiluted Milk on the Scarlet Facer Streptococcus. 


Culture 

Mat • 


Colonies developing in 

plate cultures containing 0.25 cc. milk 

At once 

After 

2 hrs. 

After 

4 hrs. 

After 

6 hrs. 

After 

8 hrs. 

After 

24 hrs. 

After 48 hrs. 

F C. 

Heated 

No 

243 

256 

No 

No 

No 

No growth. 


58°C. 

growth 

Visible 

X 12 

Visible 

X 12 

growth 

growth 

growth 

Reaction 
pH 6.6 

F. C. 

Boiled 

409 

1 

4, 70S 
Whole 
plate he- 
molyzed 

72,000 

Innum- 

erable 

Innum- 

erable 

Innum- 

erable 

Coagulates 
on boiling. 
pH 5.2 

Scarlet 

Heated | 

384 

154 

No 

No 

No 

No 

No growth. 

Fever 

55 

58°C. 


Visible 

X 12, 

non-he- 

molytic 

growth 

growth 

growth 

growth 

pH 6.6 

Scarlet 

Fever 

55 

Boiled 

512 

7.4SS 

86,400 

Innum- 

erable 

Innum- 

erable 

Innum- 

erable 

Coagulates 
on boiling. 
pH 5.4 


contained 0.25 cc. of the inhibiting milk. This factor, added to the 
effect of previous exposure, might still be insufficient to kill the 
organism although suppressing its multiplication. That the same 
milk when boiled for 5 minutes was well adapted as a culture medium 
is obvious in the protocol, since multiplication was noted throughout 
the scries. 

In the next experiment only a trace of milk was added to the plate 
cultures. F 
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Experiment 5. — Milk was obtained from the same cows as in Experiment 4. 
It was handled in a similar manner. After distribution in agglutination tubes 
in amounts of 1 cc., each tube was inoculated with a loop of broth culture diluted 
500 times. Each tube before plating was centrifuged at high speed for 15 min- 


TABLE IV. 

Streptococci Surviving after Incubation in Milk. 






Colonics developing in plate cultures 


Culture 

Milk 

At once 

After 2 
hrs. 

After 4 
hrs. 

b c 

OO 

o e 

— jG 

fN 

4* « 
u u 

ax: 

OO 

< 

F. C. 

Heated 5S°C. 
20 min. 

205 1 

5 

11 

11 

Sterile 

Sterile 
pH 6.6 

Sterile 
pH 6.6 

F. C. 

1 

Boiled 5 min. 

21S 

8,960 

o 

o 

**T 

o' 

CO 

Innum- 

erable 

Innum- 

erable 

Innumerable 
pH 6.0 
Thickens 
on boiling 

pH 5.4 
Coagulates 
on boiling 

Scarlet 
Fever V 

Heated 58°C. 
20 min. 

217 

205 

192 

205 

77 

11 

pH 6.6 

Sterile 
pH 6.6 

Scarlet 
Fever V 

Boiled 5 min. 

218 

4,992 

t ’ 

46.0S0 

Innum- 

erable 

Innum- 

erable 

Innumerable 
pH 6.0 

pH 5.6 
Coagulates 
on boiling 


TABLE V. 


The Effect of Milk on Scarlet Freer Streptococci at 3° and 4°C. 



Before 

refrig- 

cration 

After % 
refrigeration 

24 hrs. 

4Bhrs. 

Culture F. C. in milk heated 5S°C. 20 min 


24 

12 

“ “ “ boiled milk 

h! 

300 

412 

“ Scarlet Fever V in milk heated 58°C. 20 min 

217 

156 


" “ “ boiled milk 

21S 

130 

166 


utes. The bulk of the milk was drawn off and 1 cc. sterile salt solution added 
and thoroughly mixed. The mixture was then withdrawn and added to the Petri 
dishes. In this way it was hoped that so little milk would be added to the medium 
that its effect would be negligible. The majority of the tubes were incubated 
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and plates prepared at indicated intervals. Some of the tnbes were refrigerated 
at 3-4°C. and their contents plated by the same method after 24 and 48 hour . 
intervals. The colonies were counted after an incubation of 48 hours in the 
blood agar medium. The results are given in Tables IV and V. 

It is evident that the scarlet fever streptococcus fails to multiply 
in mixed milk provided the milk has not been heated sufficiently to 
destroy the inhibitory substance. It is also true that the principle 
in milk actually destroys the organism. The lethal effect is most 
marked at 38°C. At this temperature Culture F. C. was killed after 
8 hours incubation. Scarlet Fever Streptococcus V was more re- 
sistant to the action of milk, since there was a more gradual diminution 
in the number of organisms, but after 48 hours none survived. 

When the same cultures were exposed to the action of milk in the 
refrigerator Strain F. C. again proved more susceptible since only 
about 10 per cent of the streptococci survived for 24 hours, whereas 
culture Scarlet Fever V was not appreciably affected by the milk 
during a refrigeration of 24 hours or even 48 hours. 

When the experiment was repeated at the temperature of the 
room, the number of streptococci was definitely diminished although 
not so greatly as at incubator temperature. The surviving strep- 
tococci failed to approach in number those implanted in milk and 
refrigerated. 

DISCUSSION. 

It can be said that milk heated at 58°C. for 20 minutes or filtered 
through the coarsest Berkefeld filter possesses the property of inhibit- 
ing the growth of the scarlet fever streptococcus. It also is true that 
the principle is sufficiently active to destroy certain of the organisms. 
That this phenomenon cannot be attributed to the lack of adaptation 
of the organism for growth in the food mixture represented by milt- 
is amply shown by the behavior when boiled milk is used. It must 
be recognized that this activity is not specific for the streptococcus 
since it has been shown by others that other types of organisms are 
inhibited. However, it appears to be particularly potent for strepto- 
cocci especially those of the scarlet fever type. The inhibitory and 
lethal effect of milk on the streptococcus is most marked at tempera- 
tures approaching that of the body. When artificially infected milk 
is stored at 3° or 4°C. more of the streptococci survive. 
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Since the evidence points to the udder as the source of origin of the 
inhibitory principle it is not surprising that the action of the latter 
should be most effective at a temperature about that of the organ 
in which it originates. 

Milk added to plate cultures entirely prevents the development of 
colonies or so changes the appearance of the colonies as to make them 
unrecognizable. In many instances signs of hemolysis are not to be 
seen. Even when as little as 0.1 cc. of milk is added to the medium 
the surrounding hemolytic zone is so small that the colonies can easily 
be mistaken for the bovine tj^pe. These facts must be borne in mind 
when mixed milk is examined for human hemolytic streptococci. 

Since the experimental evidence indicates strongly that milk, pro- 
vided it is not heated at too high a temperature, will inhibit the growth 
or kill the scarlet fever streptococcus, the opinion that severe out- 
breaks of scarlet fever result from human contamination of milk 
must be viewed with considerable doubt. It might be objected that 
the experiments were artificial. But they were optimum conditions 
for the growth of the streptococcus and other organisms which would 
rapidly sour the milk under natural conditions were excluded. The 
change from a broth medium to one containing milk would appear 
to be no greater than that from a human throat to raw milk. That a 
few individuals may contract the disease through direct human con- 
tamination of milk is possible, but the occurrence of epidemics would 
imply a heavy inoculation of the milk. Infection of the udder of a 
single cow with the scarlet fever streptococcus and the resultant 
shedding of large numbers of the organisms into the milk, — phenom- 
ena recorded in our foregoing papers, — afford a more reasonable 
explanation of milk-borne epidemics. 

SUMMARY. 

The experiments indicate that milk filtered through a Berkefeld 
candle V or heated at 58°C. for 20 minutes when added to blood 
agar plate cultures interferes with the development of colonies of the 
scarlet fever streptococcus. The observed inhibition is proportional 
to the amount of milk. "When the approximate milk dilution in the 
Petri dish is 1 : 20 or 1 : 25 growth of the organisms is completely sup- 
pressed or only a small proportion of non-hemolytic colonies develop. 
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As the amount of milt- is decreased the colonies become larger and 
their hemolytic zones more pronounced, although even when the final 
dilution of mill- reaches 1:100 or 1:125 only colonies easily mistaken 
for the narrow zoned bovine streptococci appear. The effects upon 
the surviving organisms would appear to be transient since both the 
non-hem olytic colonies and those with small zones m anif est the 
original hemolytic properties when transferred to other media. When 
scarlet fever streptococci are added in small quantities to milk heated 
at 58°C. for 20 minutes and incubated growth is inhibited. If the 
period is prolonged the streptococci are killed. On refrigeration of 
such mixtures some of the streptoccci are killed but others survive 
the test period. 

BIBLIOGRAPHY. 

1. Jones, F. S., and Little, R. B., J. Exp. Med., 1927, slv, 319. 

EXPLAY ATI ON OF PLATE 38. 

Magnification X about 5. 

Fig. 1. Culture F. C. after 48 hours incubation in blood agar plate culture. 

Fig. 2. Culture F. C. after 48 hours incubation in blood agar plate culture 
4- 0.5 cc. boiled milk. 

Fig. 3. Culture F. C. after 48 hours incubation in blood agar plate culture 
4- 0.5 cc. filtered milk. There are no colonies of sufficient size to be detected at 
the magnification given. 

Fig. 4. Culture F. C. after 48 hours incubation in blood agar plate culture ~- 
0.25 cc. filtered milk. Note the difference in size of colonies in this plate when 
compared with those in Figs. 1 and 2. 

Fig. 5. Culture F. C. after 48 hours incubation in blood agar plate culture — 
0.1 cc. filtered milk. The colonies and hemolytic zones are larger than those in 
Fig. 4 but not as large as those in Figs. 1 and 2. 

Fig. 6, Culture Scarlet Fever 55 after 4S hours incubation in blood agar plate 
culture. 

Fig. 7. Culture Scarlet Fever 55 after 4S hours incubation in blood agar 
plate culture 4- 0.5 cc. boiled milk. 

Fig. 8. Culture Scarlet Fever 55 after 4S hours incubation in blood agar plate 
culture 4- 0.5 cc. milk heated at 5S C C. for 20 minutes. No growth visible at 
this magnification. 

Fig. 9. Culture Scarlet Fever oo after 4S hours incubation in blood agar plate 
culture 4- 0.25 cc. milk heated at 3S C C. for 20 minutes. Note the small size of 
colonics and character of hemolytic zone as compared with Figs. 6 and 7. 

Fig. 10. Culture Scarlet Fever 55 after 4S hours incubation in blood agar 
plate culture 4- 0.1 cc. milk heated at SS'C. for 20 minutes. The colonies and 
hemolytic zones arc larger than those in Fig. 9 but not as large as tho=e in Fics 
6 and 7. * ' 









THE REGENERATION OF AUTOPLASTIC LYMPH NODE 
TRANSPLANTS. 

By HENRY L. JAFFE, M.D., and MAURICE N. RICHTER, M.D. 

(From the Laboratory Division of the Hospital for Joint Diseases and the Pathological 
Laboratory of Bellevue Hospital, New York.) 

Plates 39 to 41 . 

(Received for publication, March 22, 1928.) 

This work was undertaken as a companion study to that on trans- 
plantation of thymus previously reported (1). In spite of the ex- 
tensive literature on tissue transplantation we found no references 
to the transplantation of lymph nodes. Since the results of these 
experiments were to be compared with those of thymus transplants 
in guinea pigs, rve carried out the first experiment on this species. 
Our experiments were unsuccessful because the transplantation of 
cervical lymph nodes of stock guinea pigs invariably led to abscess 
formation, which, we believe, was due to the use of lymph nodes 
already infected. The necrotic tissue which results from transplanta- 
tion is a favorable medium for the growth of bacteria present in the 
nodes. Even the use of young guinea pigs, about 25 days of age, 
frequently gave the same result. We abandoned the experiments on 
guinea pigs, and used albino rats, which are quite resistant to pyogenic 
infection. We used rats between 3 and 5 weeks of age, and trans- 
planted cervical nodes which were normal in gross appearance. Suc- 
cessful transplants were obtained in over 90 per cent of the cases. 
Whole lymph nodes were planted in pockets of the abdominal wall, 
by the same technique that was used in the transplantation of thymus. 

In all, 31 albino rats were used, in each of which two nodes were transplanted 
simultaneously. In this scries of 62 transplantations there w ere but four instances 
of infection. 

The transplants w ere studied at about 24 hour intervals from the 1st to the 12th 
days, and at longer intervals up to 35 days. Most of the plants were removed 
between the 2nd and 7th days, as this is the period of most active regeneration. 
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The tissues were fixed in Bouin's fluid, Hclly’s fluid, or alcohol. The Bouin- 
and some of the Ilelly-fixcd tissues were embedded in paraffin and stained with 
hematoxylin and cosin, Van Gicson, iron-hematoxylin, or phospholungstic acid- 
hematoxylin. The plants fixed in alcohol were stained with pyroninc and methyl 
green. Some of the Hclly-fixed nodes were sectioned in celloidin, and stained 
with azure B-mcthylene bluc-eosin (2). This last method gave the best prepara- 
tions for studying the details of regeneration. 

OBSERVATIONS. 

Minor differences were observed in transplants of the same age even 
in the same animal. The following account is an approximation of 
the changes observed with reference to the time after transplantation. 

At the end of 24 hours, there is extensive necrosis in the center of the transplant 
involving mainly the lymphocytes. At the periphery of the node some normal 
appearing lymphocytes are seen. Surrounding the node is a space, probably the 
peripheral lymph sinus of the transplanted node, which in some areas contains a 
few ljunphocytes. Most of the reticulum of the transplant is preserved, though 
obscured in the central portions by the cellular debris. The vessels in the tissue 
around the transplant are not dilated, and the only reaction to the transplant is 
a slight polymorphonuclear infiltration between the muscle fibers about the trans- 
plant. 

By the end of the 2nd day, three well defined areas are visible in the transplant: 
a central necrotic area, a peripheral margin of well preserved tissue, and an inter- 
mediate zone of hyperplastic reticulum (Figs. 1 and 2). Considerable liquefaction 
and absorption have taken place, so that the necrotic area is reduced in size. The 
reticulum contains numerous mitotic figures. The marginal zone contains mainly 
small lymphocytes and an occasional large lymphocj’te. Mitotic figures in the 
lymphocytes are difficult to find. At the hilus of the node dilated vessels filled 
with blood penetrate the transplant, and their subdivisions extend to the 
periphery. The cellular reaction about the transplant is not extensive. 

During the 3rd day, the necrotic mass becomes smaller, and the reticulum be- 
comes more prominent. Large phagocytic cells in the reticulum aid in the removal 
of the debris. At the margin is a zone of small lymphocytes, among which are a 
few large lymphoid cells. Large lymphoid cells are formed from the reticulum in 
areas where reticulum cell hyperplasia is most prominent, and are therefore formed 
extravascularly. The formation of lymphocytes from tissue cells is also observed 
in the connective tissue outside the transplanted node. 

During the 4th day, the debris is almost completely removed. The transplant 
now appears more like a normal lymph node, with very vascular connective tissue 
at the hilus (Fig. 3). Extravascular formation of lymphocytes from tissue cells is 
observed in areas both in and outside of the node. The peripheral lymphocytic 
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zone is wider. There are no germinal centers, but scattered small groups of 
large lymphoid cells, identical with germinal center cells, are observed. There 
is a tendency for the lymphocytes to be arranged in cords, extending from the 
periphery to the medullary portion. 

After 5 days, regeneration is nearly complete. The transplant now appears as 
a normal lymph node. The lymph capillaries at the hilus are filled with lympho- 
cytes and are efferent vessels (Fig. 4). The reticulum is still prominent, and 
mitoses may be observed. Large lymphocytes are scattered among the smaller 
cells of both the cortex and medulla. 

At 6 days the node is completely regenerated. The efferent capillary lymph 
vessels previously observed may be traced from the hilus into the surrounding 
tissue. 

At periods from 6 to 35 days, sections show that the transplant persists as a 
fully developed lymph node in the muscles of the abdominal wall. No retrograde 
changes were noted (Figs. 5 and 6). 

DISCUSSION AND SUMMARY. 

The reticulum plays an important part in the regeneration of lymph 
nodes autoplastically transplanted into the abdominal wall of the 
albino rat. The necrosis which follows transplantation involves 
mainly the lymphocytes. A margin of lymphocytes is preserved 
only at the periphery. This may be due to early lymphatic connec- 
tion with the marginal sinus of the node. The reticulum cells are 
apparently more resistant since for the most part they do not degener- 
ate. There are three possible origins of the lymphocytes of the re- 
generated node. They may arise by proliferation of lymphocytes 
retained at the periphery of the plant. The presence of a few mitotic 
figures among lymphocytes in the marginal region confirms the possi- 
bility of this mode of origin. They may also be derived from lympho- 
cytes brought into the transplant by the blood or lymph circulation. 
Though some lymphocytes are present in the marginal sinus, and an 
occasional lymphocyte is seen in the capillaries which enter at the 
hilus, we believe that this source of origin of the lymphocytes is 
negligible. On the other hand, the hyperplastic reticulum appears 
to be the important source of lymphocyte production. These may be 
derived from the reticulum directly as small lymphocytes, or may be 
formed through the intermediary stage of large lymphoid cells. This 
capacity is not limited to lymphatic reticulum, as small foci of lym- 
phocyte formation arc found in the connective tissue in the vicinity 
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of the transplants. The reticular origin of lymphocytes is most 
easily observed in the earlier stages of regeneration before the picture 
is obscured by the numerous small lymphocytes. 

Two structures in the regenerating node are directly traceable to 
the same structures of the transplant. These arc the marginal sinus 
and the hilus. The marginal sinus of the transplant is preserved, and 
is probably an important means by which lymphatic communication 
is established with the surrounding tissue. The hilus is the site of 
entry of the blood vessels, and the hilus of the regenerated node is 
the same as that of the transplant. 

BIBLIOGRAPHY. 

1. Jaffc, H. L., Autoplastic thymus transplants. II. With particular reference 

to the regeneration of the reticulum cells and the formation of Hassall’s 
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EXPLANATION OF PLATES. 

Plate 39. 

Fig. 1. 2 days. Shows three well defined areas. Central necrotic zone, zone 
of well preserved lymphocytes, and intermediate zone of hyperplastic reticulum. 
Hematoxylin, and eosin. X37. 

Fig. 2. Higher magnification of the three zones shown in Fig. 1. Hematoxylin 
and eosin. X112. 

Plate 40. 

Fig. 3. 3 days, 17 hours. The cellular debris has practically disappeared and 
its place is taken by a vascular reticulum with many newly formed capillaries. 
There is a peripheral zone of normal appearing lymphocytes. Eosin-azure B- 
methylene blue. X 72. 

Fig. 4. 5 days. Almost complete regeneration, but with prominent reticulum 
in the center. Efferent lymph channels contain many lymphocytes. Hematoxy- 
lin and eosin. x55. 

Plate 41. 

Fig. 5. 7 days. Complete regeneration of transplant. Hematoxylin and eosin. 
X32. 

Fig. 6. 21 days. Regenerated lymph node transplant after 21 days. No retro- 
grade changes. Hematoxylin and eosin. X37. 
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THE AUTOPLASTIC TRANSPLANTATION OF TISSUES INTO 
THE BONE MARROW CAVITY. 

I. The Thymes. 

By MAURICE N. RICHTER, M.D., and HENRY L. JAFFE, M.D. 

(From the Pathological Laboratory of Bellevue Hospital and the Laboratory Division 
of the Hospital for Joint Diseases, Neva York.) 

Plates 42 to 44. 

(Received for publication, March 22, 1928.) 

The relation of lymphoid tissue to bone marrow is not definitely 
known. According to the adherents of the dualistic theory of blood 
formation these two tissues are independent or even antagonistic to 
each other. Thus the possibility of a lymphocyte differentiating into 
a myeloid cell is denied. 

The Unitarian theory of blood cell development postulates a dose 
relationship between the lymphoid and myeloid tissues, and lympho- 
cytes are considered capable of differentiating, directly or indirectly, 
into myeloid cells. Maximow (1), Downey (2), and others have 
reported such findings. Downey has recently published a compre- 
hensive review on this subject. Maximow (3) induced this change 
experimentally by the addition of cell-free bone marrow extracts to 
lymphoid tissue cultures. 

We transplanted tissues into the bone marrow cavity', in direct 
contact with actively growing marrow, to study the effects of the 
marrow on the transplanted tissues, and of the tissues on the bone 
marrow. Three tissues of lymphoid nature — lymph node, spleen, 
and thymus— were transplanted. It was thought that if these tissues 
were genetically and biologically different, different reactions might 
be produced both in them and in the bone marrow on transplantation. 

he lymph nodes are composed almost entirely of lymphocytes and 
their supporting stroma. Cytologically the spleen differs from lymph 
nodes, in that a small amount of myeloid tissue may' be present, though 
overshadowed by the lymphocytes. The lymphoid nature of the 
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thymus is questionable because opinion is not unanimous concerning 
the "lymphoid” nature of the cortical cells. By the introduction of 
these tissues into the marrow cavity similarities and differences in 
their reactions were observed. This paper deals with transplantation 
of the thymus. 

Maximow (4), DanchakofT (5), Hammar (6), and others regard the 
small thymic cells as lymphocytes. Stohr (7), Jaffe (8), and others 
regard them as epithelial elements. In experiments on myeloid 
metaplasia DanchakofT reported the transformation of thymic cortical 
cells into granular myelocytes, a change supposedly characteristic of 
lymphocytes and their precursors. 

The literature on transplantation of organs into the bone marrow is 
scant, and we have found no references to transplants of thymus, 
lymph nodes, or spleen in this situation. 

Methods. 

Young guinea pigs S to 11 weeks of age were used. These animals were reared 
in the laboratory under hygienic conditions, and were apparently healthy. Under 
ether anesthesia with aseptic precautions both lobes of the thymus were removed, 
and placed immediately in sterile physiological salt solution kept at about 38°C. 
An osteotomy was then performed on the upper third of each tibia. The marrow 
cavity of the upper third of the bone was curetted and wiped out with gauze. 
The thymus was then introduced into the cavity. Thirteen animals, in which 
the wounds healed by primary union, were used for this study. In six animals 
•several fragments of thymus not more than 2 mm. in diameter were introduced 
into each marrow cavity, and in seven cases one large piece of thymus sufficient 
to fill the entire defect was inserted. The bone flap was replaced whenever possi- 
ble, and the wounds were closed with fine silk. 

The animals were killed at intervals of from 1 to 10 weeks after operation. The 
tibia was sawed through with a fine jeweler’s saw at several levels, fixed in Helly’s 
fluid, decalcified in 5 per cent nitric acid, sectioned in paraffin, and stained with 
hematoxylin and eosin. 

The results of the transplantation of several small pieces were 
essentially the same as those which followed the transplantation of 
one large piece. Therefore both series of experiments are described 
together. 
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OBSERVATIONS. 

At the end of 1 week, the transplanted thymus occupied the center 
of the marrow cavity and showed extensive degeneration of the small 
thymic cells and the Hassall’s corpuscles, the thymic reticulum re- 
maining for the most part intact. At several places in the peripheral 
portion of the transplant the thymic reticulum was hyperplastic 
and contained mitotic figures. A layer of loose cellular and vascular 
granulation tissue, in which new bone was forming, separated the 
thymus from the bone cortex. (Fig. 1.) 

By the 2nd week much of the debris had been cleared away mainly 
by the process of liquefaction. Phagocytes were present in remark- 
ably small numbers. At this time the outstanding feature in the 
transplant was the proliferating reticulum, with some round cells 
and an occasional polymorphonuclear leucocyte scattered in its 
meshes. During the 2nd week the small thymic cells reappeared 
and increased in number. The reticulum formed cell masses, the 
centers of which degenerated resulting in typical Hassall’s corpuscles. 
We found no evidence of Hassall body formation from capillary endo- 
thelium as recently described by Jordan (9). In this stage new bone 
trabeculae were forming around the transplant. (Fig. 2.) 

During the 3rd week the thymus was usually completely regener- 
ated, forming large cellular lobules, some of which showed differentia- 
tion into cortex and medulla. The thymic lobules were richly cellular 
and the small round thymic cells predominated. The Hassall’s cor- 
puscles were well developed. The regeneration of the thymus was 
complete in that all the structures of the normal thymus in their 
normal morphological relationship were reproduced. The regenera- 
tion, however, fell short of reproducing as active and cellular a thy- 
mus as was introduced. This is in marked contrast to the results 
obtained when thymus is autoplastically transplanted into the ab- 
dominal wall (8). The bony trabecula: observed in the previous stage 
formed an incomplete bony capsule around the thymus. Where the 
bony wall was lacking, a thin layer of fibrous tissue separated the 
thymus from the marrow. (Figs. 3 and 4.) 

By G weeks the bony capsule was fully developed and completely 
enclosed the thymus. The development of this bony capsule not 
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only prevented further growtli of the thymus, but led to its atrophy. 
As the gland atrophied there was replacement fibrosis and Hassall’s 
corpuscles disappeared. (Fig. 5.) 

By 8o- weeks only a tiny fragment of thymus remained which was 
separated from the marrow cavity by a capsule of newly formed bone 
(Fig. 6). The thymus was markedly atrophic, the cortical cells 
had almost completely disappeared, and practically nothing remained 
but a stroma consisting mainly of connective tissue, in the center of 
which was a small group of round cells. Reticulum cells, if present, 
could not be differentiated from the cells of the fibroblastic stroma. 
No Hassall’s corpuscles were seen. A few foreign body giant cells 
were present in the stroma. 

In sections made at the end of 10 weeks, no thymic tissue was found. 

SUMMARY. 

When the thymus is autoplastically transplanted into the marrow 
cavity of the tibia of a guinea pig, the transplant degenerates, regener- 
ates, and finally atrophies. The degeneration and regeneration of the 
thymus when so transplanted are similar to the homologous changes 
occurring when it is autoplastically transplanted into the abdominal 
wall. For comparative study the material used in previously pub- 
lished work on transplantation into the abdominal wall was reviewed. 
A difference in the final result of transplantation of thymus in these 
two situations is observed. In the abdominal wall tire thymus re- 
generates and persists apparently indefinitely. Abdominal wall 
thymus transplants more than a year old have been observed. In the 
bone marrow cavity, the regeneration, which is slower and less abun- 
dant, is followed by an atrophy of the gland, and finally its complete 
disappearance. This atrophy is, we believe, the result of the encase- 
ment of the thymus in a bony capsule. That the genetic character 
of the transplanted tissue has much to do with the success of the 
transplantation in the marrow, is evident from the fact that some other 
tissues regenerate without encapsulation, even though they may fin- 
ally disappear. 

The blood clot about the thymus which fills the rest of the curetted 
cavity, is quickly vascularized and replaced by regenerated cellular 
bone marrow and newly formed bony trabecula?. 
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The difference in the fate of the thymus when transplanted in the 
abdominal wall and in the marrow, is probably due to differences in 
the reciprocal relations of the thymus to the tissues in those situations. 
From experience gained in the transplantation of other tissues into 
the marrow cavity, we have learned that encapsulation of the trans- 
plant does not occur with all tissues. The reaction of the marrow to 
transplanted thymus is similar to its reaction to any tissue foreign to it. 

CONCLUSIONS. 

1. The thymus when transplanted autoplastically into the bone 
marrow undergoes complete but not abundant regeneration. 

2. The histological structure of the regenerated thymus is the same 
as that of the normal thymus despite its situation in the marrow cavity. 

3 . We have noted no metaplasia of the thymic round cells into 
myelocytes. 

4. The regeneration of the bone marrow in the curetted cavity is 
not influenced by the presence of the thymus. 

5. The regeneration of the thymus is accompanied by its enclosure 
in a fibrous and bony capsule which prevents extensive development 
and causes pressure atrophy of the transplant. 
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EXPLANATION OF PLATES. ' 

Plate 42. 

Fig. 1. 7 days. Cross-section of the tibia at the level of the transplant showing 
several lobules of degenerated thymus. The section also shows the replaced bone 
flap. Hematoxylin and cosin. X18. 

Fig. 2. 14 days. Regenerating thymus is surrounded by newly formed endo- 
steal trabecula;. Hematoxylin and cosin. XlS. 

Plate 43. 

Fig. 3. 24 days. The regeneration of the thymus has reached its maximum. 
Hassall’s corpuscles and medullar}' centers are seen. Marrow has regenerated 
between the trabecula;, and the bony encapsulation is progressing. Hematoxylin 
and cosin. X44. 

Fig. 4. Higher magnification of the regenerated thymus shown in Fig. 3. Typi- 
cal Hassall’s corpuscles are seen. Hematoxylin and eosin. X100. 

Plate 44. 

Fig. 5. 41 days. The encapsulation of the thymus has excluded it from the 
marrow cavity. The organ lies between the osteotomy flap and the newly formed 
endosteal trabecula; which separate it from the regenerated marrow’. Retrograde 
atrophy of the thymus has set in. Hematoxylin and eosin. X22. 

Fig. 6. 63 days. The thymus is completely surrounded by a bony capsule 
connected with the cortex. There is almost complete atrophy of the thymus. 
Hematoxylin and eosin. X25. 
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SURFACE TENSION OF SERUM OF THE SENSITIZED 

GUINEA PIG. 

I. Surface Tension Changes Incident to the Process or 

Sensitization. 

By SUSAN GRIFFITH RAMSDELL. 

(From the Research Institute oj Cutaneous Medicine, Philadelphia.) 

(Received for publication. March 5, 192S.) 

In a study of surface tension in the immunized rabbit, du Noiiy 1 
found a certain definite progressive change to take place, but concluded 
that this change is “not directly correlated to the presence of anti- 
bodies, but that the tuo phenomena are simply co-existent at the 
beginning of immunization.” 2 

This conclusion suggested a study of surface tension changes in the 
serum of the guinea pig incident to the process of sensitization, since 
the early stage in immunization in the rabbit— when tissue changes 
take place and when the protective mechanism of circulating anti- 
bodies is not yet in operation — is comparable to the stage generally 
accepted as prevailing as a permanent state in the guinea pig. Zunz 
and la Barre, 3 using the drop method of measurement, did not observe 
any change in surface values as a result of serum sensitization. But it 
is to be noted that an examination was not made until after a period 
of 21 days following the sensitizing dose. 

1 du Noiiy, P. L., J. Exp. Med., 1925, xli. 779. 

: du Noiiy, P. L., Surface equilibria of biological and organic colloids, Chemical 
Catalog Company, New York, 1926, 120. 

This volume presents the collected studies of du Nolly to which reference is 
made in this paper. The original papers appeared in the J. Exp. Med., 1922 
xxxv, 575, 707; xxxvi, 115, 547; 1923, xxxviii, 87, 659; 1924, xl, 129; 1925 xli’ 
663, 779; xlii, 9. ’ ’ 

1 Zunz, E., and la Barre, J., Ccm.pt. rend. See. bid., 1925. xcii, 223. 
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Technic. — The apparatus and technic as described by du Noiiy were generally 
employed, with the following variations: 4 

1. An extension of the table carrying the watch-glass was made by superim- 
posing a revolving table of wood large enough to carry five glasses. 

2. Distilled water with a surface tension measurement of 73.0 dynes / cm. or 
more was accepted as meeting the requirements of a technic where only com- 
parable values were of importance. 

3. Careful checking of saline and glassware was carried out at the beginning of 
each test by reading a sample of saline which had been passed through all glass- 
ware. In addition, a sample of saline was read in each watch-glass. 

4. Samples of sera which did not give an initial reading within 1 dyne of that of 
water were discarded. 

5. In the second part of the study, dilutions of whole blood were used instead 
of serum or plasma. Only comparative results were required in the study, and 
whatever error the presence of blood cells might occasion was considered a constant 
factor. 


EXPERIMENTS. 

The work of du Noiiy was repeated with three rabbits in the process 
of anti-horse serum precipitin production and with two untreated 
rabbits. He found that the static surface tension value of the serum 
of the treated rabbits was appreciably lowered. (This difference in 
the initial and the 2 hour, or static, readings he refers to as the time- 
drop.) The only noted variation was in the high values of the time- 
drop for these apparently normal animals. But at the end of the 
experiment, one, a discard from certain staphylococcus experiments, 
was found to have multiple kidney abscesses, and the other coccidiosis 
hepatis. 

In the experiments on guinea pigs, a series of eight animals of about 
200 gm. was sensitized with 0.1 cc. horse serum, intraperitoneal; 
another series of five was sensitized with 0.05 cc. horse serum, intra- 
venous. 

The critical concentration for giving the maximum time-drop 
values was found to be near that for the rabbit, 1/10,000, as found by 
du Noiiy. This dilution was that used uniformly throughout the 
first part of this study, and the time-drop was for a 2 hour period. 

4 An adequate criticism of the ring method of measurement of surface tension 
and a discussion of the difficulties of interpretation of the resulting data have 
recently appeared by Johlin, J. M., J. Gen. Physiol., 1928, xi, 301. 
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An average of 46 readings of normal guinea pig sera, including the 
first readings of the test animals, gave a time-drop value of 11.5 
dynes. When a series of four animals was carried through a period 
of 25 days, the variation from this average was not found to be more 
than 2 dynes in any given animal, with a maximum and minimum 
value difference of 4.2 dynes. 

The series treated with 0.1 cc. horse serum showed a maximum 
increase of 7.6 dynes on the 7th day. (More frequent bleedings were 
avoided because of the possible effects of an induced anemia.) About 
the 16th day there was a fall below the normal level followed by a rise. 



Text-Fig. 1. Surface tension changes in guinea pig serum: 

1. Average time-drop of normal serum, 46 readings. 

2. Variations in time-drop in a series of four normal animals carried through the 
same period as 3. 

3. Variations in the time-drop in a series of seven sensitized animals. 

For this fluctuation no explanation is offered. It is also to be noted 
in du Notiy’s findings for rabbit immune serum. 6 After the 25th day, 
the time-drop fell toward the normal level and remained at that point 
indefinitely— the average time-drop reading for this group being 12 
dynes on the 45th day and 11.8 dynes on the 60th day after the 
sensitizing treatment. These changes are represented in Text-fig. 1. 

In certain animals, the time-drop reached a value of 19 or more 
dynes, an increase of nearly 100 per cent of the initial reading. 

1 du Noiiy, P. L., J. Exp. iPcJ., 1923, xrrvii, 665. 
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The experiment was repeated with another series of five animals 
sensitized with 0.05 cc. horse serum, intravenous. A like result was 
obtained, although the variations from the normal were not so great. 
This may have been due to the following factors: the initial readings 
for the series were above normal, suggesting the effect of an obscure 
infection; the series was smaller; the sensitizing dose was smaller than 
in the first series, thereby reducing the toxic effect of the serum. 

That the effects noted might be charged simply to changes resulting 
from the toxicity of a foreign serum for particular or various tissues was 
suggested and the following experiment was carried out: Four of the 
animals used in the group of normal controls were given a solution of 
1 mg. of uranium nitrate subcutaneously. Three of the normal 
group were kept for controls. 

Evidences of a severe infection appeared in the whole group by the 
4th day, all the animals losing from 17 to 70 gm. in weight. The 
animals which had had uranium nitrate suffered the greatest loss of 
weight, appeared sicker, and two were found dead on the 8th day. 
The curve for the time-drop rose on the 8th day, but for both treated 
and untreated animals alike, as in the serum-treated series. This 
confirms du Noiiy’s findings for the effect of an epidemic — snuffles, 
for example, in rabbits. At any rate, the surface tension changes 
following an acute infection could not be said to be augmented by an 
added toxic agencj r . 

Du Noiiy showed in his study of immune serum in the rabbit that 
no further response in surface tension behavior could be elicited by 
a repetition of the treatment which had called out the first change. 
The question was suggested as to whether or not a treatment with a 
different antigen might occasion a comparable rise in the time-drop. 
Three of the series used in the earlier experiment to show the changes 
following horse serum treatment were give 0.05 cc. egg white, intra- 
peritoneal. Two others were given uranium nitrate, as described. 
In no case was there an increase in the time-drop. One of the uranium 
nitrate animals died on the Sth day. All the others gained weight and 
remained normal in appearance. 
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CONCLUSIONS. 

The change in surface tension behavior in the serum of sensitized 
guinea pigs is, as du Noiiy has concluded for immunized rabbit serum, 
not referable to an antibody content, since we know that the capacity 
for transfer of sensitization remains in the serum indefinitely, while 
the increased time-drop phenomenon is a transitory manifestation. 
That this phenomenon cannot be invoked by a new antigen capable of 
calling out its specific antibody would seem to make this response one 
due to some basic stable alteration of a tissue active in the general 
process of sensitization. That this alteration is not one called out by 
such a simple toxic injury as a uranium nitrate nephritis is contribu- 
tory evidence that the primary toxicity of the horse serum is not the 
specific factor involved. 




SURFACE TENSION OF SERUM OF THE SENSITIZED 
GUINEA PIG. 

II. Surface Tension Changes in the Blood in Anaphylactic 

Shock. 

By SUSAN GRIFFITH RAAISDELL. 

(From the Research Institute of Cutaneous Medicine, Philadelphia .) 

(Received for publication, March 5, 1928.) 

Certain workers in Belgium and France have studied the surface 
tension of guinea pig serum in sensitization and shock, using a modifi- 
cation of the drop method . 1 * 3 * * * - 7 They found, in general, that there is a 
lowering of the dynamic value of the surface tension whenever the 
clinical symptoms of shock are manifest. 

In a tentative trial to corroborate these findings, using a technic 
measuring the static value of surface tension in dilutions of serum of 
guinea pigs in anaphylactic shock, we could not find appreciable 
variations from the normal or preshock values. 

This failure suggested the use of whole blood for a comparative 
study by which the delay in measurement, and the influence therefrom 
of any progressive changes inaugurated in shock, might be avoided. 
This was found to be a practical procedure if the blood was trans- 
ferred directly from the syringe to an amount of saline sufficient to 
inhibit clotting. In addition to static values, such preparation might 
be expected to show any' inherent differences in the rapidity of a 
change in surface tension values, thereby giving different types of 
curves as a function of time. 

1 Zunz, E., and la Banc, J., Cotr.pt. rend. Soc. biol., 1925, xdi, 223. 

1 Zunz, E., and la Barre, J., Cojr.pt. rend. Soc. biol., 1924, xc, 118, 659. 

3 Zunz, E„ and la Barre, J., Corr.pt. rend. Soc. bid., 1926, xcv, 858. 

‘Zunz, E.. Bull. Acad. roy. ru'd. Belgique, 1925, v. 334. 

1 Kopaczcwskj, W., Ccmpt. rend. Soc. bio!., 1919. lxxxii, 590. 

1 Kopaczcv.-?ki, IV., Arch. phys. bio!., 1922, ii, 1. 

7 Zunz. E., and la Barre, Arch, internal, physio!., 1923, rti, 361. 
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Text-Fig. 1. Surface tension readings of normal guinea pig serum. 

1. Before an injection of horse serum, 0.5 cc. 

2. About 1 minute after. 



7//ne 8 /6 24 3Z 40 48 S6 64- 72- SO £& ?6 776 MZ /ZOMfr?- 

Text-Fig. 2. Surface tension readings before and after immediate fatal 
anaphylactic shock. 
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A preliminary study was made on the serum of an i mm unized 
rabbit. The critical concentration for the maximum 2 hour time- 
drop value was found to lie around 1/5,000. But it was found that 
such a whole blood dilution gave a static value reading lower than a 
serum dilution of 1/10,000 by about 5 dynes, and that the solutions 
gave more regular values; the time-drop in the same rabbit’s serum 
on 3 different days showing less than a dyne variation. Following 
an attempt at shock in the same animal, where the only sign of a dis- 



Text-Fig. 3. Surface tension readings before and after fatal, but not imme- 
diate, shock. 


turbance was a heavy drowsiness, the static value reading was lowered 
by 3 dynes. 

When a careful, repeated titration for a critical concentration for 
normal guinea pig whole blood was made, the lowest static values 
were found to occur around 1/8.000 with a second low value around a 
dilution just greater than 1/TO, 000. The former concentration was 
chosen for the ensuing study. That this does not represent serum 
alone is shown by the difference in static surface tension values for 
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the same dilution — lower by 7 dynes for blood than serum alone. 
A similar change in the critical concentration was noted by du Noiiy 
for rabbit plasma. 8 

In preparation for these experiments a special collection of horse 
serum was made with all the precautions as to glassware that tyere 
taken in the general work. Eleven animals remaining from the study 
of sensitized serum, with a sensitization period of 60 to 90 days, and 



Text-Fig. 4. Effect of cholesterol, 0.5 to 1.0 mg., intravenous, upon surface 
tension readings. 

two others with a 10 day period, together with tw r elve normal animals 
were used for the experiment. 

The effect of an intravenous injection of horse serum into normal 
guinea pigs gave a fall in the time-drop of about 2 dynes. Com- 
parative curves for such a normal are shown in Text-fig. 1. 

In case of shock, there was a considerable variation in values — from 
a rise in one case of a 5 dyne time-drop, to a fall of like value. Where 

8 du Noiiy, P. L., /. Exp. Med., 1927, xlvi, 1. 
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there is variation in the factors of (1) size of dose, (2) of time-interval 
between injection of serum and withdrawal of test blood, (3) of time- 
interval between injection of serum and onset of shock symptoms, 
such irregular findings are not surprising. In general, it can be shown 
that the first response to a dose of homologous antigen is a rapid fall 
in surface tension, and that this is greater in direct proportion to the 
degree of reaction as shown in the usual anaphylactic manifestations, 
or to the time elapsing between the injection of the serum and the 
withdrawal of blood. 

In cases where the sensitized animal failed to show signs of shock, 
or where death occurred immediately after this dosage (less than 1 
minute), or where death was delayed for several minutes, the curves 
representing the surface tension readings before and after the serum 
injection were not markedly different from those shown by the normal 
animal after such injection; but in certain cases the curves for the 
postinjection blood followed a higher level. In these, the differences 
in the curves tended to disappear after about 60 minutes, but the 
relative positions of the levels did not change (Text-fig. 2). When 
death is delayed for more than 1 minute and blood is taken after full 
development of shock symptoms, a definite lowering occurs in the 
resulting curves (Text-fig. 3). 

The divergent variations in findings are not surprising when one 
reflects upon the very complex mixtures with which one deals and 
upon the antagonistic behavior of such colloidal solutions — this in- 
fluenced, in turn, by relative concentrations, as shown by du Noiiy 
for serum solutions and sodium oleate. Such active substances as 
cholesterol and lipoids have been shown to be increased in the blood 
following shock. 3 * . 10 

This was verified as to an increase amounting to 16 per cent in 
cholesterol content of whole blood following shock in the guinea pig. 
A corresponding active effect upon the blood of a normal guinea pig 
was shown (Text-fig. 4) following the intravenous injection of a 
suspension of 1 mg. of cholesterol. In vitro a fall was followed by a 
rise when the cholesterol was used in a dilution of 1/20,000. When 

3 7.mm, E„ and la Bane, J., Corr.pt. rad. Sec. bid., 1925, xcili, 1044. 

10 Van dc Velde, J., Cov.pt. TC r.d. Sec. bid., 1927, xcvii, 1825. 
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powdered cholesterol was added directly to the serum dilution, a fall 
of 11 dynes occurred at once, and recovery did not take place. The 
surface tension of a mixture of saline and powdered cholesterol was 
lowered by 22 dynes. 

In a few experiments with histamine shock, the histamine alone did 
not lower the surface tension of saline, but did lower that of a serum 
solution in vitro. When the blood was examined after shock, the 
same serum might exhibit a rise in surface tension following a sub- 
lethal dose, and a return to normal at a later period, or a marked fall 
following a dose sufficient to bring on an immediate and fatal shock. 
We are here probably concerned with the behavior of serum plus hista- 
mine, and each of these or their reaction product with liberated tissue 
substances (glycogen, cholesterol, etc.), where the effect may be 
primarily additive and secondarily antagonistic. 

CONCLUSION. 

The primary change in surface tension of serum incident to ana- 
phylactic shock is probably due to a lowering of the surface tension of 
the serum by the addition of the antigen serum. But this may be 
followed by a further decrease or by an increase depending on the 
intensity and duration of certain secondary tissue changes. 



THE PATHOGENESIS OE EARLY OBSTRUCTIVE 
JAUNDICE. 

By E. S. GUZMAN BARRON, M.D., and JOHN H. BUMSTEAD, M.T). 

(From the Chemical Division of the Medical Clinic and the Department of Pathology, 
the Johns Hopkins University, Baltimore .) 

(Received for publication, March 21, 1928.) 

INTRODUCTION. 

For many years investigators have been concerned with the question 
of the mechanism of early obstructive jaundice, some studying the 
process as a whole, others limiting themselves to certain aspects of the 
problem. 

In cases of complete obstructive jaundice of long standing, the mechanism is 
fairly v.cll understood. As shown by Eppinger (1) for the first time, and con- 
firmed by Abramow and Samoilowicz (2), the bile canaliculi in these cases are 
distended and tortuous and their walls frequently ruptured, the bile emptying into 
the pcricapillary lymph spaces. These observations lead to the theory of in- 
creased tension of the bile capillaries due to bile continually flowing from the liver 
cells but unable to Teach the duodenum. As a result ol increased tension the vessel 
walls rupture and the extravasated bile is absorbed either by the blood capillaries 
or by the lymphatics. It then finds its way into the blood stream and is partly 
excreted in the urine and partly deposited in the tissues. This theory however, 
especially in the initial stage of the process, has found many opponents. 

Minkowski, as early as 1892 (3) and again in 1904 (4) , emphasizes the importance 
of alterations of the liver cells in causing jaundice and proposes his theory of 
“parackolh" or the passage of bile from the pathological liver cells directly into the 
perilymphatic spaces, rather than into the bile capillaries. Sterling (5) some years 
later arrived at the same conclusion. He was not able to observe rupture of the 
bile capillaries after biliary obstruction and laid emphasis on early changes in the 
liver cells themselves. 

Ogata (6) says that before the rupture of the bile capillaries there is a dilatation 
due to increased pressure. He believes that a necrosis of liver cells appears in the 
first stages of biliary obstruction. Browicz (7), Jagie (8), Kodama (9) and Hiyeda 
(10) have confirmed these findings. They were unable to observe any rupture of 
bile capillaries in early obstructive jaundice. The last two investigators, studying 
liver sections from 7 to 11 hours after ligation of the ductus choledochus, could 
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observe only a dilatation of bile capillaries, and in some cases the formation of bile 
thrombi (“ Gallcnlhrombcn ”). 

We must discard the early observations regarding the time of first 
appearance of bile in the blood stream because of faulty technique. 
Either the Gmelin test was used to detect the bile pigments or else the 
investigators tested for bile salts. We know now that the Gmelin 
test is the least sensitive of all bilirubin reactions, and even as yet we 
have no method sensitive enough to detect small traces of bile salts in 
blood or urine. 

Eppinger (11) in 1920 stated that 24 hours after obstruction one can notice an 
increase in the bilirubin content of the blood. Lepehne (12) in 1921, experi- 
menting with rabbits and employing the Van den Bergh test to detect bilirubin, 
observed in 3 out of 5 animals an increase of blood bilirubin from 0.4 to 6.5 units 
within 24 hours. Bloom (13), using dogs previously ncphrectomised, noticed the 
presence of the indirect Van den Bergh reaction from 1 hour and 19 minutes to 4 
hours after ligation of the bile ducts. Kodama (9) in 1925 observed, in rabbits and 
dogs, the appearance of the indirect reaction 7 hours after ligation of the ductus 
choledochus, the direct reaction appearing 10 hours after obstruction. More re- 
cently Bollmann,Sheard and Mann (14) employing the Keuffel and Esser spectro- 
photometer to detect the bilirubin showed that the increase of bilirubin in the 
blood begins 5 minutes after ligation of the bile ducts. They further studied 
the pressure within the bile ducts and they observed that it was raised from 14 
mm. water pressure to 270 or 300 ram. after obstruction. In conclusion they 
state: “As soon as the pressure in the biliary ducts has risen to 250 or 300 mm. of 
water, the hepatic cells become impervious to bilirubin so that bile pigment is 
neither excreted into the bile capillaries nor is it absorbed from the blood by the 
hepatic cell.” 

Report of Experiments. 

I. First Appearance of Bile in the Blood Stream after Biliary 

Obstruction. 

In all of our experiments we have employed dogs previously kept in metabolic 
cages and known not to show the so called physiologic bilirubinuria. 

The method employed to detect bilirubin in the blood and lymph has been the 
well known Van den Bergh test, the reactions obtained being divided into three 
groups: 

Direct Reaction . — Instantaneous appearance of the colour reaction after the 
addition of the reagent, reaching its maximal intensity in from 20 to 30 seconds. 

Biphasic Reaction . — (Combination of direct and indirect reaction) in which 
the colour reaction begins within the first 30 seconds but does not reach its maxi- 
mum intensity until from 1 to 30 minutes later. 
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Indirect Reaction . — In which the colour reaction begins from 1 to 3 minutes 
or more after the addition of the reagent, requiring sometimes the addition of 
alcohol. The maximum intensity is reacted after a variable time and the action 
of alcohol is essential to produce the maximum colour. 

We used according to Lepehne’s technique (15) 0.25 cc. of lymph or serum to 
which was added 0.20 cc. of freshly prepared reagent. The quantitative estima- 
tion was made with the Bausch and Tomb microcolorimeter, with, as standard, 
a solution of crystallised cobalt sulfate 1 previously checked against a solution 
of pure bilirubin. The determinations in serum giving the indirect Van den Bergh 
reactions were made according to Van den Bergh ’s technique, and the quantita- 
tive estimations in those giving biphasic or direct reactions were made by the 
modification of Thannhauser and Andersen (16). 

The operative technique was the same as that employed by Bloom. All the 
dogs were given a preparatory injection of morphine followed in 30 minutes by 
ether anesthesia and were kept lightly under the anesthetic until the end of the 
experiment. 

In this series of experiments, both kidneys were removed and the ductus chole- 
dochus and cystic duct ligated through a midline abdominal incision. Samples of 
blood were taken every' 15 minutes from the carotid artery into which a cannula had 
been previously introduced. When the direct Van den Bergh reaction appeared in 
the blood the dogs were killed with ether. At necropsy the ligatures were veri- 
fied and samples of liver taken for microscopic examination. 

Five experiments were performed; all gave concordant results. The 
following protocol gives the details in one experiment; the results of 
the series have been summarised in Table II. 

Protocol of Experiment on Dog 8. 

Female, weight 11.5 kilos. At 10 a.m. a hypodermic injection of morphine 
was given. At 10:30 a.m. anesthesia with ether. At 10:50 a.m. a r?nnul ? vras 
put in the carotid artery and a sample of blood taken. At 11:15 a.m. midline ab- 
dominal incision and transperitoneal double nephrectomy. At 1130 a.m. liga- 
tion of ductus choledochus and cystic duct. Samples of liver were taken every 
1 5 minutes. 

The experiment lasted 6 hours and 20 minutes. The dog was killed with ether 
and a necropsy performed. The ligatures were well placed; there was no blood 
in the abdominal cavity . The liver was slightly hyperemic; on section, the portal 
and interlobular veins were found to be full of blood; the bile ducts were full of 
bile. The lymph vessels looked distended and greenish in colour. The spleen was 


1 3.915 gm. of CoSOrTHjO in 100 cc. distilled water is equivalent to 0.005 mg 
per cc. 
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full of blood but not swollen. Samples of liver were taken for microscopical 
sections. 

At 1 p.m., that is 1 hour and 30 minutes after biliary obstruction, the blood serum 
gave the indirect Van den Bergh reaction, which remained until 2: 15. At this time, 
that is 2 hours and 45 minutes after obstruction, the Van den Bergh reaction be- 
came biphasic. At 4:15 p.m. or 4 hours and 45 minutes after obstruction, the 
reaction became direct rising steadily until the animal was killed. 


TABLE I. 


Dog S. Experimental Obstructive Jaundice in Dogs Previously Ncphrcctomiscd. 
Van den Bergh Reaction and Bilirubin Estimation in the Blood Scrum, 
Withdrawn Every 15 Minutes from the Carotid Artery. 


Blood 

Van den Bcrcli reaction 

Time after 
obstruction 

Quantitative 
estimation of 
bilirubin 

Time 

Direct 

Diphasic 

Indirect 

a. tn. 





ms. per liter 

10:50 


— 

— 



11:30 

Ligation of common and cystic bile ducts 


. 11:45 

— 

— 

— 



12 m. 

- 

— 

— 



p.m. 


i 




12:15 

— 


— 



12:30 

— 

— 

— 



12:45 

— 

— 

— 



1 

— 

— 

+ 

1 hr., 30 min. 

Traces 

1:15 

— 

— 

+ 


« 

1:30 

— 

— 

4- 


U 

1:50 


— 

4 - 


U 

2:15 


4- 

I 


2 hrs., 45 min. 

1.50 

2:35 

— 

+ 



2.00 

2:55 

— 

+ 



2.50 

3:15 

— 

+ 



3.50 

3:35 

— 




3.75 

4:15 

+ 



4 hrs., 45 min. 

4.00 

4:35 

+ 




4.50 

4:55 

+ 




5.50 


In Table II we summarise the five experiments performed. We see 
that in the early hours after biliary obstruction in dogs, the time of 
appearance of bilirubin in the blood is quite constant. The indirect 
reaction appears during the 2nd hour after obstruction is performed and 
persists from 1 hour to 1 hour and 45 minutes. The biphasic reac- 
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tion then appears and lasts from 1 horn: and 10 minutes to 2 hours 
and 10 minutes. Finally the direct reaction appears 4 to 5 hours 
after obstruction and will last as long as the obstruction persists. 

The behaviour of the biphasic reaction was not always the same. 
Thus in Dog 7 the biphasic reaction first appeared 2 hours and 30 
minutes after obstruction; in the following sample, 15 minutes later, 
the reaction was indirect; in the sample collected 30 minutes later it 
had become biphasic again. 

In Fig. 1 we give the results of the quantitative estimations of bili- 
rubin made in the five experiments. The rise in the bilirubin content 
of the blood, after it is first detected, is regular until the end of the 

table n. 

Experimental Obstructive Jaundice in Nephrcdomiscd Dogs. Summary of Experi- 
ments Showing the Time of Appearance of Van den 
Bergh Reaction in the Blood Serum. 


Deg No. 

Sex 

. 

Weight 

Time of appexrmce of the Van den Bergh reaction in the blood 
! serum, after total bdiuy obstruction 

Indirect 

Biphasic 

Direct 



tr. 


i 


3 


3 

1 hr., 25 min. 

2 hrs., 15 min. 

4 hrs., 23 min. 

4 


12.2 

1 hr., 15 min. 

3 hrs. 

4 hrs., 10 min. 

6 

M. 

10 

1 hr., 20 min. 

2 hrs., 40 min. 

4 hrs. 

7 

F. 

5.4 ' 

1 hr., 20 min. 

2 hrs., 30 min. 

4 hrs., 55 min. 

8 

F. 

11.5 

1 hr., 30 min. 

2 hrs., 45 min. 

4 hrs., 45 min. 


experiment. We may add that another series of experiments now 
being performed indicates that the rise is continuous and slow until 
40 hours after total biliary obstruction. Then a sudden rise occurs 
which is maintained at more or less the same level until relief of the 
obstruction or until death. We take from these experiments, one 
shown in Fig. 2, which indicates the bilirubin content in the blood dur- 
ing the whole period of obstruction until relieved by a biliary fistula. 
The blood bilirubin after relieving the biliary obstruction, behaves, 
as we see in this figure, in a manner exactly the reverse of that noted 
in early obstructive jaundice. The 3rd day after relief of the obstruc- 
tion the blood bilirubin, besides diminishing in quantity, has become 
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Fig. 1. Experimental obstructive jaundice in ncphrectomised dogs. Curve 
of blood bilirubin and Van den Bergh reaction in early obstructive jaundice. 



Fig, 2. Experimental obstructive jaundice in dogs. Curve of blood bilirubin 
during the whole period of obstruction till 7 days after relief of obstruction^!)}' a 
biliary fistula. 
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biphasicintype; on the 5th day the Van den Bergh reaction has changed 
into an indirect type. On the 7th day aiter relief of the obstruction, 
the bilirubin had disappeared from the blood. 

II. Route Taken by the Bile to Reach the Blood Stream after Biliary 

Obstruction. 

The question of the route taken by the bile to reach the blood stream 
after complete biliary obstruction has also attracted considerable 
attention. Many investigators have supposed the escape of bile from 
the liver in obstructive jaundice to be due to the activity of the lym- 
phatic apparatus, while others uphold the view that this process is 
essentially an absorption of bile from the liver by the activity of the 
blood capillaries. 

Fleischl (17) after ligating the ductus choledochus collected the lymph through a 
fistula made in the thoracic duct and found it charged with bile, while after 5 hours 
he could not detect any bile in the blood stream. Kunkel (18) and Kufierath (19) 
reached the same conclusion from determinations of the bile salts. Harley (20) 
ligated the common bile duct of two dogs, and in one in addition closed the thoracic 
duct. He observed in the dog with thoracic duct intact, that bile appeared in the 
urine in the course of a few hours after biliary obstruction, while in the dog with 
thoracic duct closed as long a period as 8 days elapsed before there was any such 
discharge. Wertheimer and L&page (21) performed a series of experiments on 
dogs with a fistula of the thoracic duct and ligation of the ductus choledochus. 
They injected ox bile into the bile duct of the right hepatic lobe, and after a certain 
time could observe the presence of the cholohematin spectrum in the bile coming 
from the left hepatic lobe, but in these experiments they could not look for the 
presence of cholohematin in lymph, because, “quand le spectre de la cholohematine 
commenjait a se montrer dans la bile du chiea, la lymphe etait devenue rouge.” 
They then injected solutions of pure bilirubin under pressure and observed the 
appearance of the Gmelin reaction in the lymph 1 hour after the injection and its 
appearance in the urine 2 hours and 30 minutes after the injection. They conclude: 
“La veritd est que Ics deux ordres des vaisseaux contribuent a leur resorbtion 

cl Lc role des lymphatiques n'en reste pas moins important.” But 1 

year later (22) these same investigators performed simultaneous ligations of the 
ductus choledochus and thoracic duct and observed the appearance of bile in the 
urine. They considered the lymphatic route to be of secondary importance be- 
cause they observed that bile pigment also appeared in the urine in a like manner 
when they ligated the ductus choledochus only. Mendel and Underhill (23) 
injected indigo carmine, KI, K fcrrocyanidc, milk and I, and milk into the common 
bile duct, and observed that these foreign substances appeared first in the urine 
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and then in the lymph with the exception of the milk-iodine mixture, which was 
detected 65 minutes after the injection in the lymph but not in the urine. They 
concluded that the hepatic capillaries are the important factor in this absorption. 
Whipple and King (24) ligated the common bile duct, exposed the thoracic duct 
and placed a ligature at its junction with the jugular vein. They detected the bile 
pigments in urine and lymph by the use of the Salkowski test. From their experi- 
ments the}' concluded that in obstructive jaundice the bile which escapes from the 

TABLE III. 


Dog 11. Experimental Obstructive Jaundice in Ncphrcctomiscd Dogs. Van den 
Bcrgh Reaction and Bilirubin Estimation in Samples of Lymph Withdrawn 
Every 20 Minutes from a Thoracic Duet Fistula, Preciously Performed. 


Lymph 

Van den Bcrgh reaction 

Time after 
obstruction 

Quantitative 
estimation of 
bilirubin 

Time 

Direct 

Diphasic 

Indirect 






tn£. per liter 

12:30 

— 

— 

— 



12:40 

Ligation of common and cystic bile ducts 


1:00 

— 

— 

— 



1:20 

— 

— 

— 



1:40 

""" 

— 

+ 

1 hr. 

Traces 

2:00 

— 

— 

+ 


0.5 

2:20 

— 

— 

+ 


O.S 

2:40 

— 

— 

+ 


o.so 

3:00 


— 

+ 


0.S5 

3:20 

— 

+ 


2 hrs., 40 min. 

1.25 

3:40 

— 

+ 



1.20 

4:00 

— 




1.30 

4:20 

— 

+ 



1.30 

4:40 

— 

+ 



2.00 

5:00 

— 

+ 



2.50 

5:20 

— 

+ 


4 hrs., 40 min. 

3.25 

5:40 

+ 




3.25 

6:00 

+ 




3.50 

6:15 

+ 




4.00 


liver is absorbed by the blood capillaries and carried by the blood to the kidneys : 
“at best the lymphatic system is a secondary factor in the mechanism of jaundice.” 
Bloom in the paper previously mentioned (13) detected bilirubin in blood and 
ljunph by the Van den Bergh technique and observed that a positive test for bili- 
rubin was obtained in the lymph while the blood was still pigment-free. He con- 
cluded that “during the first hours after obstruction of the common bile duct, the 
bile pigments are carried from the liver by the lymph stream and by it are emptied 
into the general circulation.” 
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Report of Experiments. 

The purpose of our second series of experiments was to study the 
route taken by the direct bilirubin found some hours after obstruction, 
to reach the blood stream. 

The protocol of one experiment is given in detail; the results of the 
series of experiments have been summarised in Tables m and TV. 

TABLE IV. 


Dog 11. Experimental Obstructive Jaundice in Nepltreclomised Dogs. Van den 
Bcrgli Reaction and Bilirubin Estimations in Samples of Blood Scrum With- 
drawn Every 20 Minutes from the Carotid Artery. 


Blood 

Van den Bcrgb reaction 

Time after 
obstruction 

Quantitative 
estimation of 
bilirubin 

Time 

Direct 

Biphasic 

HB3SESHI 






ref- f:r liter 

12:20 

— 

— 

— 



12:40 

Ligation of common and cystic bile ducts ] 


1:05 

— 

— 

— 



1:20 

— 

— 

— 



1:40 

— 

— 

— 



2:00 

— 

— 

— 



2:20 

— 

— 

— 



2:40 

— 

— 

— 



3:00 

— 

— 

— 



3:20 


- 

-f 

2 hrs., 40 min. 


3:40 

— 

— 

-f 



4:00 

— 

— 

a. 


■ 

4:20 


- 

-r 


■ 

4:40 

— 

-i- 


4 hrs. 



— 

+ 




5:20 


-i- 




5:40 

— 




1.50 

6:00 

+ 



5 hrs., 20 min. 

2.00 

6:15 

+ 




2.00 


Dog 11. Male, weight 16 kilos. An injection of 3 eg. of morphine was given 
39 minutes before ether anesthesia was begun. All the veins entering the left 
external jugular vein at its junction with the thoracic duct were ligated and a 
cannula placed in the jugular vein, all 2: 1 5 p.m. The lymph flow was regular at a 
rate of 20 cc. to 30 cc. per hour. At 12:20 p.m. acannula was inserted in the right 
carotid artery and a sample of blood withdrawn. At 12:32 p.m. midline indrion 
and tran'pcritoncal double nephrectomy. At 1 2 M0 p.m. ligation of common and 
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cystic bile ducts. Samples of blood were withdrawn every 20 minutes, the lymph 
being examined at the same time. The indirect Van den Bergh reaction appeared 
first in the lymph 1 hour after the obstruction. 2 hours and 40 minutes after the 
obstruction the Van den Bergh reaction in the lymph became biphasic, while the 
indirect reaction appeared in the blood scrum. 4 hours and 40 minutes after 
obstruction the Van den Bergh became direct in the lymph, and 40 minutes later, 
that is S hours and 20 minutes after biliary obstruction, the blood serum showed 
also the direct Van den Bergh reaction. The dog was killed at 6:20 p.m. with 
ether. At necropsy the ligatures of bile ducts were well placed. The liver ap- 
peared hypercmic. On section the bile ducts were distended with bile. The 
lymphatics were distended and greenish in colour. Samples of liver were taken 
for microscopic examinations. 


TABLE V. 


Experimental Obstructive Jaundice in Dogs Previously Ncphrcctomiscd. Ligation of 
Bile Ducts and Thoracic Duct Fistula. 





Time of appearance of the Van den Bergh reaction after biliary obstruction in dogs 
with thoracic duct fistula 

£ 


•a 

to 


Lymph 



Blood 


o 

Q 

8 

Ul 

•> 

Direct 

Indirect 

Diphasic 

Direct 

Indirect 

Diphasic 

n 

M. 

h- 

16 

4 Ills., 

1 hr. 

2 hrs., 

5 hrs., 

2 hrs., 

4 hrs. 

14 

F. 

12.2 


50 min. 

40 min. 

2 hrs., 

20 min. 

5 hrs., 

40 min. 

2 hrs. 

4 hrs., 

17 

F. 

14.4 

20 min. 

4 hrs., 

1 hr. 

25 min. 

2 hrs., 

15 min. 

5 hrs., 

30 min. 

2 hrs., 

15 min. 

4 hrs., 




50 min. 


50 min. 

45 min. 

55 min. 

30 min. 


In one additional experiment the thoracic duct was ligated accident- 
ally. We proceeded as previously, taking samples of blood every 
15 minutes. In this dog, the indirect Van den Bergh first appeared in 
the blood 2 hours and 45 minutes after obstruction. The biphasic 
reaction appeared 4 hours and 30 minutes and the direct reaction 5 
hours and 30 minutes after obstruction. The V an den Bergh reaction 
in this case behaved as it did in the experiments with thoracic duct 
fistula. 

We summarise in Table V the results of our three experiments, which 
are in close agreement. 

We see from these experiments that after complete biliary obstruc- 
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tion associated with a thoracic duct fistula, the bile appears first in 
the thoracic duct before it is detectable in the blood, but that 1 hour 
later it is present in the blood, not only ■when the lymph is being 
drained from the thoracic duct, but even when the duct has been 
ligated. 

Microscopic Examinations of the Liver of These Dogs, 5 to 6 Hours after 
Total Biliary Obstruction. 

It is generally agreed that rupture of bile capillaries appears only in 
the late stages of biliary obstruction. We made microscopical ex- 
aminations of the liver of the dogs reported in our experiments. 
Hematoxylin and eosin sections showed no atrophy or necrosis of the 
liver cells which appeared quite normal. The bile ducts were not 
noticeably distended and no bile thrombi were observed. The Kupfier 
cells in the liver of Dog 8 (whose protocol has been given) contained a 
moderate amount of brown pigment which could be stained for iron. 
No such pigment was found in any of the others. Frozen sections 
stained with Scharlach R revealed only a slight amount of finely di- 
vided fat in the liver cells. The cells lining the smaller bile ducts 
consistently contained fat droplets of various size. Sections were 
fixed and stained by the method described by Vance (25) for the 
demonstration of bile canaliculi. The canaliculi were well stained, 
prominent and slightly distended but the most careful search failed 
to reveal the rupture of any of them into adjacent lymph spaces. 

DISCUSSION. 

Taking first in consideration the behaviour of the Van den'Bergh 
reaction in early obstructive jaundice, we see from our experiments 
that the indirect reaction appears first, then the biphasic and some 
hours later the direct reaction, which remains during the whole period 
of obstruction. In spite of the many investigations carried out con- 
cerning the nature of the Van den Bergh reaction, it still remains an 
unsettled problem. Nevertheless from McNee’s (26) and Van den 
Bergh's (27) researches corroborated by Andrews’ important work 
(28), it is clear that the bilirubin normally present in the circulating 
blood gives only the indirect reaction, and that on passing through 
the li\cr cell during excretion, it is changed in some as vet undeter- 
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mined manner into a form which gives the direct reaction. 2 What 
is the significance of the indirect reaction which uniformly appears in 
the plasma of this animal soon after obstruction, and lasts a short 
time? It seems to us that a possible explanation for this phenomenon 
would be that as a consequence of the biliary obstruction a nervous 
reflex may occur which would lead to sudden paralysis of the function 
of the liver cells and as a result the circulating bilirubin would remain 
in the blood stream. This would be analogous to the temporary reflex 
paralysis of the excretory function of the kidney after ligation of the 
ureters, which is a well known phenomenon. As the process of bili- 
rubin formation goes on, the bilirubin would soon reach a level suffi- 
cient to give a positive test with the diazo reagent. This reflex 
phenomenon would not last very long. Some hours after obstruction 
the liver cells would resume their function and the bilirubin giving the 
indirect reaction would be changed by them into bilirubin giving the 
direct reaction. We are at present engaged in a study of this 
possibility. 

Another difficult aspect of the problem now presents itself. If in 
the first hours of obstructive jaundice there is no rupture of bile 
canaliculi, by what process does the direct reacting bile appear in the 
blood? In short what is the intimate mechanism of early obstructive 
jaundice? This is a field in which suggestions only can be made. 
Must we return to Minkowski’s theory as offering the only plausible 
explanation? The double polarization of the liver cells has been 
known since Claude Bernard’s memorable discovery of the glycogenic 
function of the liver (29). We know that the epithelial liver cell can 
function in two different ways: as a gland of internal secretion expell- 
ing its products into the blood stream and as a gland of external 
secretion excreting bile into the bile canaliculi. But it is extremely 
difficult to comprehend by what mechanism the excretion of bile can 
shift from an external to an internal secretion. 

A close examination of the microscopic sections of the liver in early 
obstructive jaundice, stained by Vance’s technique, shows the bile 
canaliculi dilated and extending between the liver cells in small dis- 
tended pouches, the blind end of these lying in contact with the 

2 In the dog, bilirubin is present in the plasma normally in amounts too 
small to be detected by the Van den Bergh test. 
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pericapillary spaces. It would be quite easy to believe that bile 
might diffuse from these thin trailed pouches into the tissue spaces 
without any actual rupture of the bile canaliculi. This diffusion 
would be favored by the mounting pressure inside the bile ducts, 
which rises rapidly according to Bollmann, Sheard and Mann (14). 

Regarding the second question, that of the route taken by the bile 
to reach the blood, since, as we have seen in the thoracic duct fistula 
experiments, direct reacting bilirubin soon finds its way into the 
perivascular lymph spaces which surround the hepatic capillaries, 
bile may diffuse into these capillaries and thus directly enter the blood 
stream, as we have observed in our experiments. 

We think our experiments explain the contradictory results of other 
investigators concerning the route by which bilirubin reaches the 
blood in obstructive jaundice. We feel justified in concluding as 
Wertheimer and Lepage did after their first observations: c ‘Xa verite 
est que les deux ordres des vaisseaux contribuent a leur resorbtion et 
. . . . Le role des lymphatiques n'en reste pas moins important.” 

CONCLUSIONS. 

1. After experimental ligation of the bile ducts in dogs, two dis- 
tinct processes are clearly manifested: first, the accumulation of the 
normally circulating bilirubin in the blood with its characteristic in- 
direct Van den Bergh reaction for a period of several hours, and second, 
the subsequent appearance of the bile bilirubin giving the direct Van 
den Bergh reaction. It is possible that the first process may be due 
to a temporary reflex inhibition of the function of the liver cells due to 
ligation of the duct and comparable to the same phenomenon which 
usually occurs in the kidney when the ureter is ligated. The second 
process begins before any rupture of the bile capillaries is visible. 
Liver sections made 6 to 7 hours after obstruction show these bile 
capillaries dilated and extending between the liver cells in small 
distended pouches the blind end of these King in contact with the 
pericapillary spaces.. It is possible that bile may diffuse from these 
thin walled pouches into the perivascular lymph spaces, this diffusion 
being favored by the mounting pressure inside the bile ducts. 

2. In early obstructive jaundice bile first appears in the Ivmph, but 
exclusion of the thoracic duct from the circulation bv drainage causes 
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a delay of only a few hours in the appearance of bile bilirubin in the 
blood stream. We must therefore conclude that after biliary obstruc- 
tion bile enters the circulation both by way of the blood capillaries 
and the lymphatics, although the latter route is the more important. 

We wish to express our thanks to Dr. Arnold R. Rich for his constant 
assistance and many valuable suggestions. 
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It has been known for a long time that certain animals, following the 
ingestion of various substances, are rendered sensitive to certain 
types of radiant energy. The present study covers biologic and 
physical observations on the degree of sensitization, the character of 
the sensitizing light and the nature of the photodynamic substance 
of buckwheat. White rabbits, mice, rats, goats, swine, dogs and 
varicolored guinea pigs were studied. Sunlight, carbon arc lamp 
(Efka or Hoffman) with Conradty-Norris vacuum carbon electrodes 
and quartz mercury vapor arcs (Victor X-Ray Corporation), both 
with and without various filters, were employed for irradiation. All 
of these sources contain infra-red, visible and ultra-violet radiations. 

RESUME OF LITERATURE. 

Considerable literature, especially European, has appeared on the subject of 
diseases in animals and man brought about by optical sensitization. Somewhat 
detailed accounts of the contributions relative to diseases due to exogenous sensi- 
tization are to be found in the brochures by Hausmann and by Mayer. 

Years ago European stockmen found that in certain animals which had ingested 
buckwheat (plant or seed), erythema, itching, edema and convulsions developed 
and, in many cases, paralysis and death, on exposure to out-of-door sunshine. 
However, untov.ard symptoms did not arise if the animals were kept indoors or 
in partial darkness and they recovered from the sensitization induced by eating 
certain plants if they were removed from the light early in the onset of th'c symp- 
toms. Likewise it was found that the non-pigmented areas of the body were 
affected rcidih . whereas the pigmented areas were kept intact. A relatively high 
(icgrcc of intensity of light appears to be a factor in all such diseases as so called 
buckwheat poisoning (fagopyrismus). Buckwheat causes sensitization to light 
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Fig. 1. Experimental obstructive jaundice in ncphrectomised dogs. Curve 
of blood bilirubin and Van den Bergh reaction in early obstructive jaundice. 



Fig. 2. Experimental obstructive jaundice in dogs. Curve of blood bilirubin 
during the whole period of obstruction till 7 days after relief of obstruction^!)}' a 
biliary fistula. 
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biphasicin type; on the 5th day the Van den Bergh reaction has changed 
into an indirect type. On the 7th day after relief of the obstruction, 
the bilirubin had disappeared from the blood. 

II. Route Taken by the Bile to Reach the Blood Stream after Biliary 

Obstruction. 

The question of the route taken by the bile to reach the blood stream 
after complete biliary obstruction has also attracted considerable 
attention. Many investigators have supposed the escape of bile from 
the liver in obstructive jaundice to be due to the activity of the lym- 
phatic apparatus, ■while others uphold the view that this process is 
essentially an absorption of bile from the liver by the activity of the 
blood capillaries. 

Fleischl (17) after ligating the ductus choledochus collected the lymph through a 
fistula made in the thoracic duct and found it charged with bile, while after 5 hours 
he could not detect any bile in the blood stream. Kunkel (18) and Kufferath (19) 
reached the same conclusion from determinations of the bile salts. Harley (20) 
ligated the common bile duct of two dogs, and in one in addition closed the thoracic 
duct. He observed in the dog with thoradc duct intact, that bile appeared in the 
urine in the course of a few hours after biliary obstruction, while in the dog with 
thoradc duct dosed as long a period as 8 days elapsed before there was any’ such 
discharge. Wertheimer and Lepage (21) performed a series of experiments on 
dogs with a fistula of the thoradc duct and ligation of the ductus choledochus. 
They injected ox bile into the bile duct of the right hepatic lobe, and after a certain 
time could observe the presence of the cholohematin spectrum in the bile coming 
from the left hepatic lobe, but in these experiments they could not look for the 
presence of cholohematin in lymph, because, “quand le spectre de la cholohematine 
commenjait a se montrer dans la bile du chien, la lymphe etait devenue rouge.” 
They then injected solutions of pure bilirubin under pressure and observed the 
appearance of the Gmelin reaction in the lymph 1 hour after the injection and its 
appearance in the urine 2 hours and 30 minutes after the injection. They condude: 
“La vc rite cst quo les deux ordres des vaisseaux contribuent a leur resorbtion 

ct Le role dcs lymphatiques n’en reste pas moins important.” But 1 

year later (22) these same investigators performed simultaneous ligations of the 
ductus choledochus and thoradc duct and observed the appearance of bile in the 
urine. They considered the lymphatic route to be of secondary importance be- 
cause they observed that bile pigment also appeared in the urine in a like manner 
when they ligated the ductus choledochus only. Mendel and Underhill (23) 
injected indigo carmine, KI, K fcrrocyanidc, milk and I, and milk into the common 
bile duct, and observed that these foreign substances appeared first in the urine 
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and then in the lymph with the exception of the milk-iodine mixture, which was 
detected 65 minutes after the injection in the lymph but not in the urine. They 
concluded that the hepatic capillaries arc the important factor in this absorption. 
Whipple and King (24) ligated the common bile duct, exposed the thoracic duct 
and placed a ligature at its junction with the jugular vein. They detected the bile 
pigments in urine and lymph by the use of the Salkowski test. From their experi- 
ments they concluded that in obstructive jaundice the bile which escapes from the 

TABLE III. 


Dog 11. Experimental Obstructive Jaundice in Ncphrcctomiscd Dogs. Fan den 
Bcrgh Reaction and Bilirubin Estimation in Samples oj Lymph Withdrawn 
Every 20 Minutes from a Thoracic Duel Fistula, Preciously Performed. 


Lymph 

Van den Bcrgh reaction 

Time after 
obstruction 

Quantitative 
estimation of 
bilirubin 

Time 

Direct 

Diphasic 

Indirect 






mf. fee tiler 


— 

— 

— 



12:40 

Ligation of common and cystic bile ducts 


1:00 

— 

— 

— 



1:20 

— 

— 

— 



1:40 


— 

+ 

1 hr. 

Traces 

2:00 

— 

— 

+ 


0.5 

2:20 

— 

— 

+ 


O.S 

2:40 

— 

— 

+ 


o.so 

3:00 


— 

+ 


0.S5 

3:20 

— 

+ 


2 hrs., 40 min. 

1.25 

3:40 

— 

+ 



1.20 

4:00 

— 

+ 



1.30 

4:20 

— 

4- 



1.30 

4:40 

— 

+ 



2.00 

5:00 

— 

+ 



2.50 

5:20 

— 

+ 


4 hrs., 40 min. 

3.25 

5:40 

+ 




3.25 

6:00 

+ 




3.50 

6:15 

+ 




4.00 


liver is absorbed by the blood capillaries and carried by the blood to the kidneys : 
“at best the lymphatic system is a secondary factor in the mechanism of jaundice.” 
Bloom in the paper previously mentioned (13) detected bilirubin in blood and 
ljonph by the Van den Bergh technique and observed that a positive test for bili- 
rubin was obtained in the lymph while the blood was still pigment-free. He con- 
cluded that “during the first hours after obstruction of the common bile duct, the 
bile pigments are carried from the liver by the lymph stream and by it are emptied 
into the general circulation.” 
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Report of Experiments. 

The purpose of our second series of experiments was to study the 
route taken by the direct bilirubin found some hours after obstruction, 
to reach the blood stream. 

The protocol of one experiment is given in detail; the results of the 
series of experiments have been summarised in Tables m and IV. 

TABLE IV. 


Dog 11. Experimental Obstructive Jaundice in Nephreclomiscd Dogs. Van den 
Bcrgli Reaction and Bilirubin Estimations in Samples of Blood Scrum With- 
drawn Every 20 Minutes from the Carotid Artery. 


Blood 

Van den Bcrgb reaction 

Time after 
obstruction 

Quantitative 
estimation of 
bilirubin 

Time 

Direct 

Biplnsic 







rr.g- per liter 

12:20 

— 

— 

- 



12:40 

Ligation of common and cystic bile ducts 


1:05 

— 

— 

— 



1:20 

— 

— 

— 



1:40 

— 

— 

— 



2:00 

— 

— 

— 



2:20 


— 

— 



2:40 

_ 

— 

— 



3:00 

— 

- 

— 



3:20 


— 

— 

2 his., 40 min. 

Traces 

3:40 

— 

— 

O- 


Traces 

4:00 

— 

— 



0.5 

4:20 

— 

- 



0.8 

4:40 

— 

-i- 


4 hrs. 

1.00 

5:00 

— 

4- 



1.30 

5:20 

— 

a- 



1.50 

5:40 

— 




1.50 

6:00 

+ 



5 hrs., 20 min. 

2.00 

6:15 

+ 




2.00 


Dog II . Male, weight 16 kilos. An injection oi 3 eg. of morphine was given 
39 minutes before ether anesthesia was begun. All the veins entering the left 
external jugular vein at its junction with the thoracic duct were ligated and a 
cannula placed in the jugular vein, at 1 2 : 1 S p.m. The lymph flow was regular at a 
rate of 20 cc. to 30 cc. per hour. At 12:20 p.m. a cannula was inserted in the right 
carotid artery and a sample of blood withdrawn. At 12:32 p.m. midline indrion 
and trampcritoncal double nephrectomy. At 12:40 p.m. ligation of common and 
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cystic bile ducts. Samples of blood were withdrawn every 20 minutes, the lymph 
being examined at the same time. The indirect Van den Bcrgh reaction appeared 
first in the lymph 1 hour after the obstruction. 2 hours and 40 minutes after the 
obstruction the Van den Bcrgh reaction in the lymph became biphasic, while the 
indirect reaction appeared in the blood scrum. 4 hours and 40 minutes after 
obstruction the Van den Bcrgh became direct in the lymph, and 40 minutes later, 
that is 5 hours and 20 minutes after biliary obstruction, the blood serum showed 
also the direct Van den Bcrgh reaction. The dog was killed at 6:20 p.m. with 
ether. At necropsy the ligatures of bile ducts were well placed. The liver ap- 
peared hypercmic. On section the bile ducts were distended with bile. The 
lymphatics were distended and greenish in colour. Samples of liver were taken 
for microscopic examinations. 


TABLE V. 


Experimental Obstructive Jaundice in Dogs Previously Ncphrcctomiscd. Ligation of 
Bile Duds and Thoracic Duct Fistula. 





Time of appearance of the Van den Bcrgh reaction after biliary obstruction in dogs 
with thoracic duct fistula 

Dog No. 


to 


Lymph 



Blood 


fi 

U~l 

# 

Direct 

Indirect 

Biphasic 

Direct 

Indirect 

Biphasic 

11 

M. 

h- 

16 

4 Ills., 

1 hr. ' 

2 hrs., 

5 hrs., 

2 hrs., 

4 hrs. 

14 

F. 

12.2 


. 

SO min. 

40 min. 

2 hrs., 

20 min. 

5 hrs., 

40 min. 

2 hrs. 

4 hrs., 

17 

F. 

14.4 

20 min. 

4 hrs., 

1 hr. 

25 min. 

2 hrs., 

15 min. 

S lire., 

30 min. 

2 hrs., 

15 min. 

4 hrs., 




[ 50 min. 

i 


SO min. 

45 min. 

55 min. 

30 min. 


In one additional experiment the thoracic duct was ligated accident- 
ally. We proceeded as previously, taking samples of blood every 
15 minutes. In this dog, the indirect Van den Bergh first appeared in 
the blood 2 hours and 45 minutes after obstruction. The biphasic 
reaction appeared 4 hours and 30 minutes and the direct reaction 5 
hours and 30 minutes after obstruction. The V an den Bergh reaction 
in this case behaved as it did in the experiments with thoracic duct 
fistula. 

We summarise in Table V the results of our three experiments, which 
are in close agreement. 

We see from these experiments that after complete biliary obstruc- 
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tion associated with a thoracic duct fistula, the bile appears first in 
the thoracic duct before it is detectable in the blood, but that 1 hour 
later it is present in the blood, not only when the lymph is being 
drained from the thoracic duct, but even when the duct has been 
ligated. 

Microscopic Examinations of the Liver of These Dogs, 5 to 6 Honrs after 
Total Biliary Obstruction. 

It is generally agreed that rupture of bile capillaries appears only in 
the late stages of biliary obstruction. We made microscopical ex- 
aminations of the liver of the dogs reported in our experiments. 
Hematoxylin and eosin sections showed no atrophy or necrosis of the 
liver cells which appeared quite normal. The bile ducts were not 
noticeably distended and no bile thrombi were observed. The Kupfier 
cells in the liver of Dog 8 (whose protocol has been given) contained a 
moderate amount of brown pigment which could be stained for iron. 
No such pigment was found in any of the others. Frozen sections 
stained with Scharlach R revealed only a slight amount of finely di- 
vided fat in the liver cells. The cells lining the smaller bile ducts 
consistently contained fat droplets of various size. Sections were 
fixed and stained by the method described by Vance (25) for the 
demonstration of bile canaliculi. The canaliculi were well stained, 
prominent and slightly distended but the most careful search failed 
to reveal the rupture of any of them into adjacent lymph spaces. 

DISCUSSION. 

Taking first in consideration the behaviour of the Van dcn'Bergh 
reaction in early obstructive jaundice, we see from our experiments 
that the indirect reaction appears first, then the biphasic and some 
hours later the direct reaction, which remains during the whole period 
of obstruction. In spite of the many investigations carried out con- 
cerning the nature of the Van den Bergh reaction, it still remains an 
unsettled problem. Nevertheless from McNec’s (26) and Van den 
Bergh's (27) researches corroborated by Andrews’ important work 
(28), it is clear that the bilirubin normally present in the circulating 
blood gives only the indirect reaction, and that on passing through 
the li\cr cell during excretion, it is changed in some as vet undetcr- 
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mined manner into a form which gives the direct reaction. 2 What 
is the significance of the indirect reaction which uniformly appears in 
the plasma of this animal soon after obstruction, and lasts a short 
time? It seems to us that a possible explanation for this phenomenon 
would be that as a consequence of the biliary obstruction a nervous 
reflex may occur which would lead to sudden paralysis of the function 
of the liver cells and as a result the circulating bilirubin would remain 
in the blood stream. This would be analogous to the temporary reflex 
paralysis of the excretory function of the kidney after ligation of the 
ureters, which is a well known phenomenon. As the process of bili- 
rubin formation goes on, the bilirubin would soon reach a level suffi- 
cient to give a positive test with the diazo reagent. This reflex 
phenomenon would not last very long. Some hours after obstruction 
the liver cells would resume their function and the bilirubin giving the 
indirect reaction would be changed by them into bilirubin giving the 
direct reaction. We are at present engaged in a study of this 
possibility. 

Another difficult aspect of the problem now presents itself. If in 
the first hours of obstructive jaundice there is no rupture of bile 
canaliculi, by what process does the direct reacting bile appear in the 
blood? In short what is the intimate mechanism of early obstructive 
jaundice? This is a field in which suggestions only can be made. 
Must we return to Minkowski’s theory as offering the only plausible 
explanation? The double polarization of the liver cells has been 
known since Claude Bernard’s memorable discovery of the glycogenic 
function of the liver (29). We know that the epithelial liver cell can 
function in two different ways: as a gland of internal secretion expell- 
ing its products into the blood stream and as a gland of external 
secretion excreting bile into the bile canaliculi. But it is extremely 
difficult to comprehend by what mechanism the excretion of bile can 
shift from an external to an internal secretion. 

A close examination of the microscopic sections of the liver in early 
obstructive jaundice, stained by Vance’s technique, shows the bile 
canaliculi dilated and extending between the liver cells in small dis- 
tended pouches, the blind end of these lying in contact with the 

2 In the dog, bilirubin is present in the plasma normally in amounts too 
small to be detected by the Van den Bergh test. 
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pericapillary spaces. It would be quite easy to believe that bile 
might diffuse from these thin walled pouches into the tissue spaces 
without any actual rupture of the bile canaliculi. This diffusion 
would be favored by the mounting pressure inside the bile ducts, 
which rises rapidly according to Bollmann, Sheard and Mann (14). 

Regarding the second question, that of the route taken by the bile 
to reach the blood, since, as we have seen in the thoracic duct fistula 
experiments, direct reacting bilirubin soon finds its way into the 
perivascular lymph spaces which surround the hepatic capillaries, 
bile may diffuse into these capillaries and thus directly enter the blood 
stream, as we have observed in our experiments. 

We think our experiments explain the contradictor}* results of other 
investigators concerning the route by which bilirubin reaches the 
blood in obstructive jaundice. We feel justified in concluding as 
Wertheimer and Lepage did after their first observations: c ‘Xa verite 
est que les deux ordres des vaisseaux contribuent a leur resorbtion et 
. . . . Le role des lymphatiques n’en reste pas moins important.” 

CONCLUSIONS. 

1. After experimental ligation of the bile ducts in dogs, two dis- 
tinct processes are clearly manifested: first, the accumulation of the 
normally circulating bilirubin in the blood with its characteristic in- 
direct Van den Bergh reaction for a period of several hours, and second, 
the subsequent appearance of the bile bilirubin giving the direct Van 
den Bergh reaction. It is possible that the first process may be due 
to a temporary reflex inhibition of the function of the liver cells due to 
ligation of the duct and comparable to the same phenomenon which 
usually occurs in the kidney when the ureter is ligated. The second 
process begins before any rupture of the bile capillaries is visible. 
Liver sections made 6 to 7 hours after obstruction show these bile 
capillaries dilated and extending between the liver cells in small 
distended pouches the blind end of these King in contact with the 
pericapillary spaces.. It is possible that bile may diffuse from these 
thin walled pouches into the perivascular lymph spaces, this diffusion 
being favored by the mounting pressure inside the bile ducts. 

2. In early obstructive jaundice bile first appears in the Ivmph, but 
exclusion of the thoracic duct from the circulation bv drainage cau^c= 
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a delay of only a few hours in the appearance of bile bilirubin in the 
blood stream. We must therefore conclude that after biliary obstruc- 
tion bile enters the circulation both by way of the blood capillaries 
and the lymphatics, although the latter route is the more important. 

We wish to express our thanks to Dr. Arnold R. Rich for his constant 
assistance and many valuable suggestions. 
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It has been known for a long time that certain animals, following the 
ingestion of various substances, are rendered sensitive to certain 
types of radiant energy. The present study covers biologic and 
physical observations on the degree of sensitization, the character of 
the sensitizing light and the nature of the photodynamic substance 
of buckwheat. White rabbits, mice, rats, goats, swine, dogs and 
varicolored guinea pigs were studied. Sunlight, carbon arc lamp 
(Efka or Hoffman) with Conradty-Norris vacuum carbon electrodes 
and quartz mercury vapor arcs (Victor X-Ray Corporation), both 
with and without various filters, were employed for irradiation. All 
of these sources contain infra-red, visible and ultra-violet radiations. 

RESUME OF LITERATURE. 

Considerable literature, especially European, has appeared on the subject of 
diseases in animals and man brought about by optical sensitization. Somewhat 
detailed accounts of the contributions relative to diseases due to exogenous sensi- 
tization are to be found in the brochures by Hausmann and by Mayer. 

Years ago European stockmen found that in certain animals which had ingested 
buckwheat (plant or seed), erythema, itching, edema and convulsions developed 
and, in many cases, paralysis and death, on exposure to out-of-door sunshine. 
However, untoward symptoms did not arise if the animals were kept indoors or 
in partial darkness and they recovered from the sensitization induced by eating 
certain plants if they were removed from the light early in the onset of the symp- 
toms. Likewise it was found that the non-pigmented areas of the body "were 
aftcctcd readily . whereas the pigmented areas were kept intact. A relatively high 
degree of intensity of light appears to be a factor in all such diseases as so called 
buckwheat poisoning (fagopyrismus). Buckwheat causes sensitization to light 
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which may persist for a few weeks after the hast ingestion of this substance pro- 
vided the animals are kept in a dark place or if cloudy weather intervenes. This 
is true also after the experimental ingestion of hcmatoporphyrinc. 

Finsen observed that such photosensitizations were due to an optically active 
substance. He studied the influence of daylight on the course of smallpox, in 
which it would appear that the short or chemical rays must be avoided. He 
pointed out the similarity between this affection in man and buckwheat poisoning 
of animals. 

At first it was thought that the etiology of fagopyrismus was to be found in 
secondary organisms, which were believed to live on the plants ns parasites, and 
that these suffered certain changes under the influence of sunlight. Von Tap- 
peincr, however, found in his experiments on photodynamic substances that sick- 
ness due to buckwheat could be induced by the removal of fluorescent material 
from the plant after its exposure to light. Medan arrived at the same conclusions 
as previous investigators but added the suggestion that the sensitization produced 
might be due to the longer waves of the visible portion of sunlight. The idea is 
prevalent in the literature that, since herbivorous animals in their ingestion of food 
take in considerable quantities of photodynamically active substances, especially 
chlorophyll, the frequent appearance of diseases due to exogenous sensitization 
should be expected. Apparently, however, these substances are not taken up by 
the animal organism in photodynamically active form or they arc rendered inactive 
by some process in the body. 

Methods oj Experiments. 

Feedings . — The goats, rabbits and guinea pigs were fed freshly cut buckwheat 
and dry seed. The swine received macerated green plant, with milk and bread, 
in the relative ratio of 2:1. The dogs were fed macerated green buckwheat and 
chopped meat in equal parts. The rats and mice were fed dry seeds only. 

Irradiation . — All animals were kept in cages or stalls away from direct fight. 
During exposure they were placed in a wire mesh cage with an open top. In the 
investigation of the effects of selective solar irradiation a metallic box was used, 
over the top of which windows of different absorptive filters were placed as desired. 
The whole apparatus could be set at angles to bring all animals under the direct 
rays of the sun. 

The Efka carbon arc was operated on 110 volts alternating current and carried 
10 amperes. By reason of its construction (with a spherical reflector so angled as 
to concentrate much of the light and heat from the lamp at a point directly be- 
neath the arc), it was necessary to place the animals in a metallic box built so as 
to avoid shadows when it was placed about 30 cm. directly in front of the arc 
proper. Glass filters were fitted in the apertures at the side and top of the box 
when desired. 

An air-cooled quartz mercury vapor lamp was operated at 70 volts and at a 
distance of 50 cm. from an open topped polished metal box, in which were placed 
the animals to be irradiated. 
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The dogs, swine and goats were placed in open areas or fields during irradiation, 
thus bringing them under a natural environment and permitting slight reactions 
to be noted. 


Observations on Animals after Irradiation. 

Sunlight . — After 4 days of the feeding of fresh buckwheat, guinea 
pigs became photosensitive to direct sunlight. These were the 
earliest reactions noted. The symptoms, in the order of appearance, 
were: sha kin g of the head, excitation, squeaking, scratching of the 
ears and intense agitation. They attempted to protect themselves by 
huddling and crawling under each other. The degree of photosensi- 
tization increased with continued feeding of buckwheat until, at the 
end of a week, an exposure of 20 minutes to direct sunlight caused 
symptoms similar to those in anaphylaxis. The animals were 
calmed only with complete darkness. 

The swine were next in susceptibility'. They exhibited marked 
symptoms of photosensitization on the 10th day of feeding buckwheat. 
However, the symptoms were not the same as those manifested by 
the guinea pigs. The reactions noted were: itching, weakness and 
extensive urticaria followed by sloughing. The first reactions were 
observed after about 2 hours of direct solar irradiation. 

The goats manifested only' itching and weakness after 14 days of 
feeding. 

Rabbits, dogs and white rats did not manifest symptoms of photo- 
sensitization following direct solar irradiation. The rabbits were 
exposed to sunlight on every clear day during the feeding of buckwheat 
for a period of 30 days. No evidences of sensitization were observed 
even after exposure for 5 hours to direct sunlight. Dogs kept on a 
diet consisting of 50 per cent buckwheat for 3 weeks were exposed 
daily to direct sunlight without visible reactions or discomfort, 
although the periods of exposure were increased to 6 hours. The 
white rats did not exhibit symptoms of photosensitization. 

QiiarL .1 Icrcury 1 apor Lamp. Irradiation by a quartz mercurv 
lamp did not produce symptoms of sensitization to light in animals 
fed on buckwheat (plant or seeds). If anything, this tvpe of irradia- 
tion appeared to build an additional resistance to photosensitization, 
probably because an increase in pigmentation was produced. 
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Carbon Arc . — With the carbon arc, the biologic effects were similar 
to those produced under direct sunlight but were much less severe. 

The Region of Photosensitizing Action. 

In order to test whether or not there were any differences in physio- 
logic reactions under various portions of the visible solar spectrum, 
amber and blue glass filters were used. Light-tight boxes were made 
and fitted with covers carrying the selected filters. Sensitized animals 
(guinea pigs) were placed beneath these filters and under direct solar 
irradiation. Animals under the amber glass (Pittsburgh 48, ham- 
mered cathedral) evidenced the same excitability, irritation, itching 
and scratching as shown by other (or the same) sensitized animals 
under full sunlight. Animals under blue glass (Pittsburgh 351 or 56, 
hammered cathedral) remained quiescent and behaved for the most 
part as did animals having no buckwheat in their diet. 

Spectroscopic curves showing the percentages of transmission of 
light of various wave-lengths by the filters used are shown in Fig. 1. 
Since the blue filters transmit the region of short wave-lengths (400 
to 500 millimicrons) to a maximal amount and since animals fed on 
buckwheat do not show reaction under such filters, it is apparent that 
the blue-violet portion of sunlight, together with the near ultra-violet 
portion also transmitted, is not the photosensitizing region. 

Hausmann (1911, 1914) demonstrated that hematoporphyrine has 
a photodynamic action. It was shown by Freund that eruption in 
hydroa is produced by wave-lengths from 325 to 396 millimicrons. 
However, it would appear from the literature that, in experimental 
sensitization with hematoporphyrine, it is not the invisible but rather 
the visible portion of the spectrum that is active, namely that in the 
region of 500 millimicrons. 

Certain observers have felt that, by reason of the close parallelism 
between the chemical and physiologic properties of hemoglobin and 
chlorophyll and their derivatives (Palladin), such as phylloporphyrine 
and hematoporphyrine, hematoporphyrine was possibly the photo- 
sensitizing agent in. the case of buckwheat disease. If the statement 
can be accepted that the region of 500 millimicrons is the photody- 
namic portion of the spectrum in the case of hematoporphyrine, 
then this substance is ruled out of consideration in the present experi- 
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Fig. 1 . Spcctrophotomctric determinations of the percentage transmission of 
the various filters used. Curve 1, Pittsburgh 4S amber; Curve 2, Pittsburgh 56 
blue; Curve 3, Pittsburgh 351 blue glass. 
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ments for the reason that the energies transmitted by the filters used 
(Fig. 1) in the region of 500 millimicrons arc comparable, yet photo- 
dynamic action occurs under the amber filter but not under the blue. 

Neither can the difference in physiologic action of the radiant 
energy transmitted by the different filters be attributed to infra-red 
radiation. Fig. 2 shows the percentage transmission of the amber and 
blue filters for wave-lengths of from 750 to 4250 millimicrons. These 
curves are comparable in all respects; if anything, the blue filter, 
under which no sensitization occurs, transmits about 10 per cent 



Wave-length 

Fig. 2. Curves showing the percentage transmission of amber and blue glass 
filters for infra-red radiations covering the range of 750 to 4250 millimicrons. 

(on the average) more infra-red radiation than does the amber filter 
(Sheard). 

From the character of the physiologic and pathologic reactions 
produced under various filters and from a consideration of the per- 
centages of transmission of solar energy in the visible spectrum, we 
conclude that the region of photosensitization lies between 580 milli- 
microns and the red end of the spectrum. 
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Fig. 3. Spcctrophotomctric determinations of the percentage transmission of 
alcoholic extracts of plants. 5 cm. tubes were used in all cases. Curve 1 , leaves 
of buckwheat; Curve 2, grass; Curve 3, stalks of buckwheat. 
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Spcdrophoiomctric Determinations of Chlorophyll. 

From our experience with ethyl alcoholic solutions of chlorophyll 
(of sufficient dilution) from various sources we believe that such 
solutions will show two absorption zones, namely, from the limit of 
the violet end of the visible spectrum to about 500 millimicrons and 
from 630 millimicrons to approximately 680 millimicrons with a point 
of maximal absorption at from 660 to 670 millimicrons. That is to 
say, there is marked absorption in living leaves and in alcoholic 
solutions of chlorophyll (ethyl chlorophyllide) in the extreme violet 
and remote red ends of the spectrum. Besides these absorption 
bands or zones, certain other alcoholic solutions of chlorophyll of 
equal concentration (as judged by the degree of absorption in the 
violet and red regions) exhibit additional bands. Curve 2 of Fig. 3 
(alcoholic extract from grass) and Curve 1 of the same figure (alco- 
holic extract of buckwheat leaves) exhibit practical equality of ab- 
sorption in the regions 430 to 490 millimicrons and 630 to 690 milli- 
microns. The buckwheat extract, however, exhibits two additional 
bands with maximal absorption zones at about 540 and 600 milli- 
microns, as is shown definitely in Curve 3 of Fig. 3 (alcoholic extract 
of stems of buckwheat). These data may indicate that there are two 
forms of chlorophyll, such as chlorophyll a, and chlorophyll b, sug- 
gested by Willstatter and Stoll or that there are derivatives of chloro- 
phyll present in certain plants (such as buckwheat) that are not found 
in other vegetation, such as grass. 

The Spectrophotometric Determinations of Blood Serums of Sensitised 

Animals. 

Several attempts were made to obtain satisfactory spectroscopic 
and spectrophotometric tests on the blood serums of normal and 
sensitized guinea pigs. Difficulties connected with the prevention 
of hemolysis of considerable degree, however, did not warrant the 
drawing of conclusions with respect to the differences in character of 
the spectrophotometric data, since hemolysis (as evidenced by ab- 
sorption bands with a maximum at practically 540 and 580 millimi- 
crons) would also cause an increase in spectrophotometric absorption 
in the blue-violet zone (490 to 430 millimicrons). 
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The same difficulties likewise existed in general in the serums from 
swine. In one case, however, serums from a normal and a sensitized 
pig were obtained relatively free from hemolysis. Curve 1, Fig. 4, 
shows the spectrophotometric results on the blood serum of a normal 
pig and Curve 2 contains similar data on the animal photosensitized 



Fig. 4. Spectrophotometric curves showing percentage transmission of light 
by the blood scrum of a normal pig (Curve 1) and by the blood scrum of a photo- 
sensitized pig (Curve 2). 


by buckwheat. Both curves demonstrate the presence of small but 
practically equal hemolysis, as shown by the absorption bands at 540 
and 5S0 millimicrons. Curve 2, however, shows two additional 
absorption zones with a maximum at practically 600 and 660 milli- 
microns, with increased absorption in the blue-violet region (430 to 
490 millimicrons). 
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Pathologic Data. 

The anatomic changes noted in cases of buckwheat disease vary 
according to the length and intensity of the exposure of the sensitized 
animals. After a short exposure (20 minutes) of a sensitized animal 
to sunlight, the most noticeable change observed microscopically is 
hyperemia of the skin, and in most cases accompanying edema. In 
severe reactions the changes already noted occur and blebs and ulcers 
may also form. Later, crusts may be formed on the surface. 
Hemorrhage into the areolar connective tissue may also occur. 

Fatal reactions generally demonstrated the anatomic changes 
mentioned, but there may also be petechial hemorrhage of the lungs, 
brain, liver, stomach and kidneys. Parenchymatous degeneration 
is usually found. The most striking feature at the postmortem ex- 
amination of a photosensitized animal which has died from exposure 
is the lack of any marked pathologic change. The lesions found 
suggest the presence of profound toxemia. 

In animals sensitized with buckwheat, and exposed to irradiation 
for a few minutes at a time and over a sufficient number of days, pig- 
mentation involving the basal layer of the skin develops in unpig- 
mented areas. This pigment may be distributed also in the adjacent 
squamous epithelium and even in the fibrous connective tissue of the 
deeper layers of the skin. Edema and hyperemia are present also in 
the skin of those animals having chronic experimental buckwheat 
disease. The outer layers of the skin are thickened and usually there 
is free desquamation. Some observers have described hypertrophy 
of the cartilage of the ears as associated with the hyperkeratosis but 
it has not been found in our series of animals. In none of the animals 
observed (not even those exposed to daily periods of irradiation over a 
period of 6 months) has any lesion developed which we felt suggested 
a malignant neoplasm. 

DISCUSSION. 

General . — Urticaria has been noted in domesticated animals pastur- 
ing on certain plants. The malady is especially noticeable when 
white swine pasture on rape and certain clovers. Urticaria on the 
non-pigmented areas of skin of Holstein and Guernsey cattle is fre- 
quently observed. If the animals are kept in darkened stables the 
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disease soon disappears. Stockmen Have attributed the disease to 
certain insects, dew, nettle rash and plant secretions. Without 
doubt this affection appears in susceptible animals following the 
ingestion of certain plants with subsequent exposure to unfiltered 
s unli ght. It may be that many plants are capable of producing this 
condition and that in ruminating animals the active compound under- 
goes chemical changes during the long process of fermentation and 
digestion and is thereby rendered harmless. Therefore, it is possible 
that photodynamic reactions occur only when large quantities of these 
plants are ingested and the entire organism becomes saturated. 

Pathology . — The anatomic changes noted in sensitized animals 
that were exposed for brief periods to irradiation are about the same 
as those found in normal animals after prolonged exposures. Photo- 
sensitization therefore accelerates anatomic changes. Following a 
fatal dosage of light, the anatomic changes (petechial hemorrhages 
and parenchymatous degeneration) suggest that death is due to pro- 
found toxemia which kills the organism before extensive anatomic 
changes develop. In animals experiencing severe reaction there is, 
apparently, marked increase in the coagulability of the blood. It is 
difficult to draw blood from such animals. Postmortem examina- 
tions of photosensitized animals, whether killed by the effects of 
irradiation or by other means, almost always revealed the blood in 
firm clots in the largest vessels. 

The Region of Photosensitizing Action . — Photodynamic action is 
brought about by the portion of radiant energy which is absorbed by 
the sensitizing substance. The majority of photodynamic actions 
which can be attributed to pigment are caused by the visible portions 
of the spectrum. It follows, therefore, that photodynamic effects are 
due ordinarily to the longer wave-lengths of visible light. The laws 
of photochemical reactions apply to photodynamic actions. Tempera- 
ture has but little effect. The reactions which have been described 
in this paper were not influenced by extremes of external temperature, 
for they occurred about as readily on a cool day as on a hot day. 

Tiie ultra-violet portion of sunlight, carbon arcs or quartz mercury 
vapor lamps docs not appear to be effective in photosensitization 
following the ingestion of buckwheat. It is claimed that the presence 
of hematoporphyrine (which is a derivative of hemoglobin most clo=elv 



1024 


PHOTO SEN SITIZ ATION 


related chemically to phylloporphyrinc, a derivative of chlorophyll) 
brings about drastic reactions, (under irradiation of wave-lengths from 
260 to 400 millimicrons), of the same general character as those pro- 
duced by buckwheat. Various authorities claim that hydroa ;csti- 
vale, xeroderma pigmentosum, seaman’s skin and smallpox are either 
caused by or unfavorably influenced by ultra-violet light or the chemi- 
cally active rays of sunlight (Mayer, pages 167-169). In our experi- 
ments, irradiation with ultra-violet light from a quartz mercury vapor 
lamp did not produce sensitization, but on the contrary built up a 
resistance to the untoward effects ordinarily produced when buck- 
wheat-sensitized animals were exposed to the longer wave-lengths of 
sunlight. These observations lead us to believe that (1) exogenous 
sensitization to light, as induced by buckwheat, is not due to ultra- 
violet rays, (2) the effect of ultra-violet irradiation in such cases is 
beneficial, since the development of pigment acts as a protective 
agent, thereby changing tire skin of the animal from a light color to a 
dark color and (3) hematoporphyrine, in all probability, is not the 
active substance. 

Spcclrophotomctric Studies of Chlorophyll and of Blood Scrums of 
Sensitized and N on-Scnsitizcd Animals. — The curves of Fig. 4 we 
believe demonstrate the presence of chlorophyll or its derivatives 
in the blood of animals photosensitized by buckwheat. Attempts 
were made to sensitize dogs to buckwheat but were found to be un- 
successful after a period of daily feeding of buckwheat for over 3 
weeks. There is evidence to show that, in all probability, none of 
the chlorophyll was taken into the blood through absorption by the 
walls of the digestive tracts of the dogs used in these experiments. 
Bollman, Sheard and Mann have shown that bilirubin was not formed 
from chlorophyll under conditions which allowed the formation of 
bilirubin from hemoglobin. Herbivora excrete chlorophyll in the bile 
during periods when their rations are rich in chlorophyll. According 
to Broun, McMaster and Rous, sheep show definitely that chlorophyll 
may be altered in the body, since a greenish pigment, cholehematin, 
is produced, when the animal is on green food. This pigment is also 
excreted in the bile. When cholehematin is administered to dogs it 
is excreted as such in the bile. 
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The Nature of the Photodynamic Substance. 

According to von Tappeiner, the active principle in photosensitiza- 
tion brought on by buckwheat is an alcohol-soluble fluorescent sub- 
stance of a nature similar to that of chlorophyllan as described by 
Hoppe-Seyler. According to Busck, there exists a fluorescent ma- 
terial, fluorophyll, which can be obtained from buckwheat. Alcoholic 
extracts of buckwheat are said to be inactive in both irradiated and 
non-irradiated animals. According to Ohmke, such extracts have true 
fluorescence and the residue obtained from evaporation in a vacuum, 
when given by mouth to white mice, caused signs of paralysis and 
even death after the exposure of the animals to light. Von Tap- 
peiner states that the colored material which incites photosensitiza- 
tion is soluble in alcohol. 

Fluoresence is a physical property 7 commonly attributed to photo- 
dynamic substances or associated with photosensitization. That is, 
substances producing photodynamic action are able to absorb light 
and usually fluoresce; the degree of photodynamic action, however, 
is not proportional to the degree of fluorescence. Only 7 that region of 
the spectrum in which energy is absorbed by the fluorescent substance 
(or substances) is effective. It is thought that the presence of a 
fluorescent or photodynamic substance causes tissues to become sus- 
ceptible to destruction by the energy contained in wave-lengths of 
light that would be ineffective otherwise, namely, the longer waves of 
light, which are able to penetrate deeper into the tissues. 

We doubt the necessity of fluorescent action or the need of a fluor- 
escing substance at any point of the photosensitizing process if the 
reactions produced by the ingestion of buckwheat are to be attributed 
to the chlorophyll constituent per sc Tather than to some other sub- 
stance present in buckwheat or to some substance formed in the blood 
after the ingestion of buckwheat. Our reasons are: 

1. Alcoholic and other extracts of grass and buckwheat : presum- 
ably largely chlorophyll) give an orange to reddish fluorescence when 
exposed to irradiation by the violet-blue end of the spectrum. So 
far as we know, grass is not toxic, whereas buckwheat is. 

2. Fluorescence is a phenomenon in which various substances ab- 
sorb radiation of a certain wave-length (or region) and reemit it as 
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radiation of a longer wave-length. Fluorescence of chlorophyll in 
the longer wave-length portion of the spectrum is caused by the 
absorption of energy below a wave-length of 500 millimicrons. How- 
ever, exposure of animals after the ingestion of buckwheat to the 
shorter waves of the visible spectrum does not produce photosensitiza- 
tion. Hence it would appear logical to conclude that the fluorescence 
of chlorophyll per sc is not involved in the sensitization brought about 
by buckwheat. 

We venture the suggestion that the photodynamic substance may 
be pliylloporphyrine. The researches of Schunk and Marchlewski 
have contributed much to an understanding of the chemical character 
of chlorophyll. The action of hydrochloric acid on a solution of 
chlorophyll produces, first, chlorophyllan, then phylloxanthin and 
finally phyllocyanin. Pliylloporphyrine is obtained by treating 
phyllocyanin with strong alkalies. We believe such a substance may 
possibly be present in the blood of sensitized animals, the hydrochloric 
acid of the stomach, by its action on chlorophyll, producing chloro- 
phyllan which, on absorption into the blood with an alkalinity repre- 
sented by pH 7.4, produces phylloporphyrine. Phylloporphyrine is 
of interest because of its close relationship to hematoporphyrine. 
The spectrums of the two substances in various solvents are similar. 
The spectrophotometric curve of the serum of blood from photosensi- 
tive animals corresponds in many particulars with that of an alcoholic 
solution of phylloporphyrine. 

It is possible, also, that cholehematin, or its precursor, may be the 
photodynamic substance. We have a series of experiments under 
way with reference to this possibility. 

SUMMARY. 

The chief points presented in this paper are: 

1. Following the ingestion of buckwheat (plant or seed) varicolored 
guinea pigs, white swine and goats exhibited symptoms of photosensi- 
tization, the degree of sensitization being in the order given. 

2. Rabbits, dogs, white mice and rats did not manifest symptoms of 
photosensitization. 

3. The symptoms and reactions were: agitation, itching, scratching 
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of the ears, weakness, urticaria with sloughing and symptoms 
similar to those in anaphylaxis. 

4. Microscopic examinations showed the lack of marked pathologic 
change. The lesions, such as petechial hemorrhage of the lungs, 
brain, liver, stomach and kidneys, suggest that profound toxemia 
has been present. 

5. Lesions were not found which appeared to be suggestive of 
malignant neoplasms. 

6. Irradiation by a quartz mercury vapor lamp apparently develops 
a resistance to photosensitization, probably because of increased pig- 
mentation induced by ultra-violet light. 

7. Prom the nature of the physiologic and pathologic reactions 
produced under various filters and from a consideration of the percen- 
tages of transmission of solar energy in the visible spectrum, it would 
seem that the region of photosensitization lies between 580 millimi- 
crons (yellow) and the red end of the spectrum. This conclusion, 
moreover, is substantiated by the fact that irradiation by a quartz 
mercury vapor lamp (which radiates no energy in the visible spectrum 
at a wave-length greater than 579 millimicrons) produces no symp- 
toms or reactions. 

8. Spectrophotometric determinations of alcoholic extracts of grass 
(non-toxic) and of buckwheat (toxic) show the presence of two addi- 
tional bands in the absorption spectrum of buckwheat with maxima 
at about 540 and 600 millimicrons, respectively, together with the 
common absorption zones at 430 to 490 millimicrons and 630 to 690 
millimicrons. 

9. Spectrophotometric determinations of blood serums of sensitized 
animals show, besides the usual absorption bands peculiar to oxy- 
hemoglobin (with maxima at 540 and 580 millimicrons respectively), 
two zones with maxima at 600 and 660 millimicrons respectivelv. 

10. The fluorescence of chlorophyll per sc, as suggested by previous 
investigators, is not, in all probability, the cause of the sensitization 
induced by buckwheat. 

11. Hematoporphyrine is not the photodynamic substance in all 
probability. 

12. rhylloporphyrine may be the photodynamic substance. In 
this regard, also, the possibility of cholehematin is not to be ruled out. 
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i'as, Warren, and Ames) 

403 

Lungs: 

Pneumcctomy, unilateral, com- 
pensator)’ hypertrophy after 
(Addis) * 51 

Pneumonic, elevation of tem- 
perature (Christie, Ehrich, 
and Bingee.) 741 

Lymph: 

Node, regeneration of autoplas- 
tic transplants (Jaffe and 
Richter) 977 

Lysis: 

Bacteriophage, influence on 
agglutination of hemolytic 
streptococci (Shwartzman) 

151 


M 

Malaria: 

riastr . ciiuv : it ::/;, influence on 
Carrion’s disease (Noguchi) 

S21 i 


Mammal: 

Tissue, living, relative reac- 
tion. X (Elman, Drury, 
and McMaster) 777 

— , — , . XI (McMaster 

and Elman) 797 

Marrow: 

Autoplastic transplantation of 
tissues into cavity. I (Rich- 
ter and Jafee) 9S1 

Leucopenia and leucocytosis in- 
duced by nucleinate studied 
with reference to relative 
roles of liver, spleen) and 
bone marrow (Doan, Zer- 
fas, Warren, and Ames) 

403 

Meningitis: 

Pneumococcus, local specific 
therapv. Ill (Stewart) 

1 

— , . IV (Stewart) 

515 

— , Type II, in dogs (Stewart) 

515 

Milk: 

Bactericidal substance, proper- 
ties (Jones) S77 

Streptococci of scarlet fever 
type, influence of milk on 
growth (Jones) 965 

Myelitis: 

Meningitis, pneumococcus 
(Stewart) 1 

II 

Necrosis: 

Skin, produced by autolvsates 
of Pneumococcus Tvpes I 
and II (Parker) ' 331 

Nerve: 

Sympathetic, calcium oi blood 
after section (Berg, Hess, 
and Sherman) 105 

— , phosphorus of blood after 
section (Ilr.r.G, Hess, and 
Sherman) iqa 
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Nerve — continued : 

Vagus, calcium of blood after 
section (Berg, Hess, and 
Sherman) . 105 

— , phosphorus of blood after 
section (Berg, Hess, and 
Sherman) 105 

Node: 

Lymph. See Lymph. 

Nucleinate : 

Leucopenia and lcucocytosis in- 
duced by, studied with refer- 
ence to relative roles of liver, 
spleen, and bone marrow 
(Doan, Zerfas, Warren, 
and Ames) 403 

O 

Obstruction: 

Biliary, pathogenesis of jaun- 
dice (Barron and Bum- 
stead') 999 

Oroya fever: 

Bacterium peruviamm as sec- 
ondary invader of lesions 
(Noguchi) 165 

Clinical types, relation of viru- 
lence of infecting organism 
(Noguchi) 219 

Etiology. IX (Noguchi) 

165 

— . X (Noguchi) 219 

— . XI (Noguchi) 235 

— . XII (Noguchi) 821 

Malarial infection ( Plasmo- 
dium inui) and splenectomy, 
influence of, on (Noguchi) 

821 

P 

Paratyphoid : 

Guinea pig. IV (Nelson) 

207 

Pathogenesis : 

Jaundice, early obstructive 
(Barron and Bumstead) 

999 


Pathology: 

Virus encephalitis. IV (Flex- 
ner) 9 

. V (Flexner) 23 

Phosphorus : 

Blood, after section of sympa- 
thetic nerves (Berg, Hess, 
and Sherman) 105 

— , — — — vagus nerves 
(Berg, Hess, and Sherman) 

105 

Inorganic, of blood. I 

(Brown) 539 

— , . II (Brown) 

563 

— , . Ill (Brown) 

637 

Photosensitization : 

Buckwheat ingestion and 
(Siieard, Caylor, and 
Schlotthauer) 1013 

Physiology: 

Hematoporphyrine, physiologi- 
cal action (Smetana) 593 
Pituitary body: 

Digest, effect on proliferation 
of sarcomatous fibroblasts 
(Baker and Carrel) 

371 

Plasmodium: 

inui, malaria, influence on Car- 
rion’s disease (Noguchi) 

821 

Platelet: 

Blood, electrophoresis with 
reference to origin and 
thrombus formation (Abram- 
son) • 677 

Pneumectomy: 

Unilateral, compensatory hy- 
pertrophy of lung after (Ad- 
dis) 51 

Pneumococcus : 

Immunological relations. I 
(Sugg, Gaspari, Fleming, 
and Neill) 917 

. II (Harris, Sugg, and 

Neill) 933 
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Pneumococcus — continued : 

Infection, mechanism of re- 
covery (Robertsok, Woo, 
Cheep., and King) 317 

Interconvertibility of R andji 
forms (Dab-son) 577 

Meningitis, local specific ther- 
apy. HI (Stewart) 

— . IV (Stewart) 

515 

— Type II, in dogs (Stewap.t) 

515 

Type II, species-specific an- 
tigen of cells, influence of 
heating immunization ma- 
terial on antibody-invoking 
effectiveness (Gaspari, 

Sugg, Fleming, and Neill) 

131 

■, type-specific antigen of 

cells, influence of heating im- 
munization material on anti- 
body-invoking effectiveness 
(Gaspari, Sugg, Fleming, 
and Neill) 131 

— Ill, antibody response after 
immunization compared with 
antibody response after im- 
munization with related 
strain (Harris, Sugg, and 
Neill) 933 

Types I and II, autolysates 
producing skin necrosis 
(Fap.kep.) 531 

Virulent strain immunologi- 
callv related to but not 
identical with typical strains 
of Type III pneumococci 
(Sugg, Gaspari, Fleming, 
and Neill) 917 

Pneumonia: 

Lung, elevation of tempera- 
ture (Christie, Eiikich, and 
Dinger) 741 

Precipitation : 

Bacillus para'.yphosus E, pre- 


Precipitation — continued: 

dpi table substances (Furth 
and Landsteiner) 

171 

— typhosus, predpitable sub- 
stances (Furtk and Land- 
steiner) 171 

Precipitin: 

Index (Sobotka and Feied- 
landep.) 57 

Ratio to protective antibody 
(Friedlander, Sobotka, 
and Banzhab) 79 

Reaction, of antipneumococcus 
sera. I (Sobotka and 
Friedlander) 57 

— , — — — . EC (Fried- 
lander, Sobotka, and 
Banzhap) 79 

Protection: 

Antibody, ratio to predpitin 
(Friedlander, Sobotka, 
and Banzhap) 79 

Protein: 

Pure, effect of digests on cell 
proliferation (Baker and 
Carrel) 353 

Streptococcus hxmoly liens, chem- 
ical and immunological prop- 
erties (Lancefield) 

469 

R 

Reaction: 

Predpitin, of antipneumo- 
coccus sera. I (Sobotka 
and Friedlander) 57 

— > . II (Fried- 

EANDEP., SOEOTKA, and 
Banzhap) to 

Renal: 

See Kidney. 

Resistance : 

Adrenalectomizcd rats, tested 
by means of histamine (Mar- 
morston-Gottesman and 
Gottesman) 503 
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Resistance — continued : 

Adrenal, influence of, on. Ill 
(Scott) 185 

Familial, to tuberculosis, as re- 
lated to antibody capacity 
( Lewis and Looms ) 

437 

Natural, to tuberculosis, as 
related to ulcerative types 
(Lewis and Loomis) 

449 

Respiration : 

Friedlander bacillus-like infec- 
tion in mice (Webster) 

685 

Respiratory tract: 

Upper, Gram-negative, filter- 
passing anaerobes (Mills, 
Shibley, and Dochez) 

1 93 

Reticulo-endothelial system : 

Immunity. V (Jungeblut) 

261 


S 


Salmonella: 

Infection appearing in endemic 
stage of paratyphoid infec- 
tion in guinea pigs (Nelson) ' 

207 

Sarcoma: 

Chicken (Sturm and Mur- 
phy) 493 

Fibroblasts, effect of liver di- 
gests (Baker and Carrel) 

371 

— , — — pituitary digests 
(Baker and Carrel) 

371 

Scarlet fever: 

Streptococci of scarlet fever 
type causing udder infec- 
tion. I (Jones and Little) 

945 

type causing udder 

infection. II (Jones and 
Little) 957 


Scarlet fever — continued-. 

Streptococci of scarlet fever 
type causing udder infection. 
Ill (Jones) 965 

. type, influence of 

milk on growth (Jones) 

965 

type isolated from 

udder of cow (Jones and 
Little) 957 

Sensitization: 

Serum, surface tension. I 
(Ramsdell) 987 

— , . II (Ramsdell) 

993 

Serum: 


Antipneumococcic, precipitin 
reaction. I (Sobotka and 
Friedlander) 57 

— » . II (Friedlander, 

Sobotka, and Banzhae) 

79 

Horse, relation to horse dander 
(Forster) 903 

Surface tension after sensitiza- 
tion. I (Ramsdell) 

987 


, jj (Ramsdell) 

993 


Skin: 

Immunity, non-specific local, 
to staphylococcus, r61e of 
clasmatocytes and connec- 
tive tissue cells (Freed- 
lander and Toomey) 

663 

Irradiated with ultra-violet 
light, reaction to vaccine 
virus (Rivers, Stevens, and 
Gates) 37 

Necrosis produced by autoly- 
sates of Pneumococcus Types 
I and II (Parker) 531 

Specificity: 

Anaphylaxis with non-type- 
specific fractions of Strepto- 
coccus hsemolylicus (Lance- 
pield) 843 
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Specificity — continued : 

Anaphylaxis with type-specific 
substance of Streptococcus 
hxmolylicus (Lancefield) 

857 

Immunity, non-specific local cu- 
taneous, to staphylococcus, 
role of clasmatocytes and 
connective tissue cells 
(Freedlander and Toomey) 

663 

Pneumococcus Type II cells, 
influence of heating on anti- 
body-invoking effectiveness 
of species-specific antigen 
(Gaspari, Sugg, Fleming, 
and Neill) 131 

j influence of heat- 
ing on antibody-invoking ef- 
fectiveness of type-specific 
antigen (Gaspari, Sugg, 
Fleming, and Neill) 131 
Streptococcus hsemolylicus, 
chemical and immunological 
properties of species-specific 
substance (Lanceeield) 

481 

, type-specific substance 

in extracts (Lanceeield) 

91 

Spinal cord: 

Calcium of blood after section 
(Hess, Berg, and Sherman) 

115 

Spirochaeta: 

c Yellow fever. See also Lepto- 
spira iclcroidcs. 

, compared with lcptospira 

of Weil’s disease (Martini) 

255 

Spleen: 

Lcucopenia and leucocytosis 
induced by nuclcinalc 
studied with reference to 
relative roles of liver, spleen, 
and bone marrow (Doan, 
Zr.r.i AS, Warren, and Ames) 
403 


Splenectomy: 

Immunity, passive, in blocked 
and splenectomized mice 
(Jungeblut) 261 

Oroya fever, influence on, of 
(Noguchi) 821 

Staining: 

Gram-negative, filter-passing 
anaerobes of upper respira- 
tory tract (Mills, Shibley, 
and Dochez) 193 

Vital, with litmus constituents 
(Elman, Drury, and Mc- 
Master) 777 

Staphylococcus: 

Immunity, non-specific local 
cutaneous, rSle of clasmato- 
cytes and connective tissue 
cells (Freedlander and 
Toomey) 663 

Stomatitis : 

Aphthosa, of horses, effect of 
formalin on virus (Olitsky 
and Long) 835 

Streptococcus: 

Bacteriophage. II (Shwartz- 
man) 151 

hzmolylicus , antigenic com- 
plex. I (Lancefield) 

91 

— , . II (Lancefield) 

469 

— , . Ill (Lancefield) 

4S1 

— , . IV (Lancefield) 

843 

— , V (Lancefield) 

857 

— , type-specific substance in 
extracts (Lancefield) 

t . . 91 

Hemolytic, influence of bac- 
teriophage on agglutination 
(Shwap.tzman) 151 

Scarlet fever type, causing 
udder infection. I (Jones 
and Little) 945 

, causing udder infee- 
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Streptococcus — continued : 

tion. II (Jones and Little) 

957 

, causing udder infec- 
tion. Ill (Jones) 965 

, influence of milk on 

growth (Jones) 965 

, isolated from udder 

of cow (Jones and Little) 

957 

Suprarenal: 

Sec Adrenal. 

Suprarenalectomy : 

See Adrenalectomy. 

Susceptibility: 

Histamine, as test of adrenal 
deficiency (Scott) 1S5 

Sympathetic: 

Nerve. See Nerve. 

Syphilis : 

Vaccinia, concomitant, recipro- 
cal effects (Pearce) 611 

T 

Temperature : 

Pneumonic lung (Christie, 
Ehrich, and Einger) 

741 

Tension: 

Surface, of blood, in anaphylac- 
tic shock (Ramsdell) 

993 

— , — serum after sensitiza- 
tion. I (Ramsdell) 

987 

— , — ■ — after sensitization. 
II (Ramsdell) 993 

Thebesian vein: 

See Vein. 

Thrombus : 

Formation, and electrophoresis 
of blood platelets (Abram- 
son) 677 

Thymus : 

Transplantation, autoplastic, 
into bone marrow cavity 
(Richter and Jaffe) , 

981 


Tissue: 

Connective, cells, rdle in non- 
specific local cutaneous im- 
munity to staphylococcus 
(Freedlander and 

Toomey) 663 

Mammalian, living, relative re- 
action. X (Elman, Drury, 
and McMaster) 777 

— , — , . XI (McMaster 

and Elman) 797 

Transplantation, autoplastic, 
into bone marrow cavity. I 
(Richter and Jaffe) 

981 


Transplantation: 

Autoplastic, of lymph nodes 
(Jaffe and Richter) 

' 977 


— , — tissues, into bone marrow 
cavity. I (Richter and 
Jaffe) 981 

Tuberculosis: 

Familial resistance, as related 
to antibody capacity (Lewis 
and Loomis) 437 

Natural resistance, as related 
to ulcerative types (Lewis 
and Loomis) 449 

Tumor: 

Chicken, factors determining 
localization (Mackenzie 

and Sturm) 345 


U 

Udder: 

Infection, spontaneous and ex- 
perimental, with streptococci 
of scarlet fever type (Jones 
and Little) _ 945 

— with streptococci of scarlet 
fever type. I (Jones and 
Little) 945 

of scarlet fever type. 

II (Tones and Little) 

957 

of scarlet fever type. 

III (Jones) 965 
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Udder — continued'. 

Scarlet fever type of strepto- 
cocci isolated from (Jones 
and Little) 957 

Ulcer: 

Types, as determined by in- 
heritance and as related to 
natural resistance to tubercu- 
losis (Lewis and Looms) 

449 

Ultra-violet light: 

Monochromatic, effect on vac- 
cine virus (Rivep.s and 
Gates) 45 

Skin, irradiated, reaction to 
vaccine virus (Rivers, 
Stevens, and Gates) 

37 

Vaccine virus and. I (Rivers, 
Stevens, and Gates) 

37 

— — — _ II (Rivers and 
Gates) 45 

Urine: 

Reaction, relation to intracellu- 
lar reaction of kidney epi- 
thelium (McMaster and 
Elman) 797 

V 

Vaccine: 

Virus, effect of monochromatic 
ultra-violet light (Rivers 
and Gates) 45 

— , inactivated, action of cer- 
tain substances on infecting 
power (Reynals) 3S9 

— , reaction of skin irradiated 
with ultra-violet light 
(Rivers, Stevens, and 
Gates) 37 

— , and ultra-violet light. I 
(Rivers, Stevens, and 
Gates) 37 

— , . ii (Rivers and 

Gates) 45 


Vaccinia: 

Syphilis, concomitant, recipro- 
” cal effects (Pearce) 

611 

Vagus: 

Nerve, caldum of blood after 
section (Berg, Hess, and 
Sherman) 105 

— , phosphorus of blood after 
section (Berg, Hess, and 
Sherman 105 

Vein: 

Thebesian, role in circulation of 
heart (Wearn) 293 

Verruga peruana: 

See Oroya fever. 

Virulence : 

Bartonella bacilliformis, re- 
lation to clinical types of 
Carrion’s disease (Noguchi) 

219 

Virus: 

Encephalitis, pathology. IV 
(Flexner) 9 

— , — . V (Flexner) 

23 

Herpes, encephalitis, in guinea 
pig (Flexner) 23 

— , recurring strains (Flexner) 

9 

Polyhedral, visibility (Glaser 
and Cowdry) S29 

Stomatitis aphtbosa of horses, 
effect of formalin (Olitsky 
and Long) S35 

Vaccine, effect of monochro- 
matic ultra-violet light 
(Ruxrs and Gates) 

45 

— , inactivated, action of cer- 
tain substances on infectins 
power (Reynals) 3S9 
— , reaction of skin irradiated 



1048 


INDEX 


Virus — continued: 

with ultra-violet light 
(Rivers, Stevens, and 
Gates) 37 

— , and ultra-violet light. I 
(Rivers, Stevens, and 
Gates) 37 

— j . II (Rivers and 

Gates) 45 

Vital staining: 

Litmus constituents (Elman, 


Vital staining — continued: 

Drury, and McMaster) 

777 

W 

Weil’s disease: 

See Disease. 

Y 

Yellow fever: 

Spirochete, compared with lep- 
tospira of Weil’s disease 
(Martini) 255 ' 
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